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Quick Reference Guide

Type Column Driver
Type Number HD44100H HD66100F HD61100A HD61200 HD61104 HD61104A HD66106F HD66107T
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for 1 6 17 17 26 28 37 37
LCD Drive Circuit (V)
Power 5 5 5 5 10 10 15 25
Dissipation (mW)
Operating -20to +75*1 -201t0 +75*1 2010 +75*! -20t0o +75 —-20to +75 -20to +75 -20to +75 -20to +75
Temperature ( C)
Memory ROM (bit) ~ - - - - = - -
RAM (bit) = - - - - - - -
LCD Driver Common ‘20 - - - - - 80 160
Column 40 (20) 80 80 80 80 80 80 160
Instruction Set - - - - - - - -
Operation 0.4 1 2.5 25 3.5 3.5 6 8
Frequency (MHz)
Duty Static-1/32 Static-1/16 Static-1/100 1/32-1/128 1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480
Package FP-60 FP-100 FP-100 FP-100 FP-100 FP-100 FP-100 192pin TCP
TFP-100
Type Column Driver (RAM) Column Driver (TFT)
Type Number HD44102CH HD61102 HD61202 HD66108T HD66300T HD66310T
Power supply for 5 5 5 5 5 5
internal circuits (V)
Power supply for 11 156.5 17 15 15 23
LCD Drive Circuit (V)
Power 5 5 5 5 160 100
Dissipation (mW)
Operating -20to +75 -20to +75 -20to +75 -20to +75 -20to +75 -20 to +75*2
Temperature ("C) (-20to +65)
Memory ROM (bit) — - - - - -
RAM (bit) 200x8 512x8 512x8 165x65 - -
LCD Driver Common - - - 0~65 120 160
Column 50 64 64 100~165 - -
Instruction Set 6 7 7 7 - -
Operation 0.28 0.4 0.4 4 4.8 12/15
Frequency (MHz)
Duty 1/8,1/12, Static-1/64 1/48,1/64, 1/32,1/34, - -
1/16,1/24, 1/96,1/128 1/36,1/48,
1/32 1/50,1/64,
1/66
Package FP-80 FP-100 FP-100 208pin TCP 166pin TCP  236pin TCP

*1 -40 to +85°C (Special request). Please contact Hitachi agents.
*2 -20 to +75°C in 12 MHz Version, -20 to +65°C in 15 MHz Version.
* 3 Under development

HITACHI

Hitachi America, Ltd.  Hitachi Plaza * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 9



Quick Reference Guide

Type Segment bisplay
Type Number HD61602 HD61603 HD61604 HD61605
Power supply for 3to b 3tob 3to b 3t05
internal circuits (V)
Power supply for 5 5 5 5
LCD Drive Circuit (V)
Power 0.5 0.5 0.5 0.5
Dissipation (mW)
Operating —20 to +75*1 —20 to +75*! —20 to +75*1 —20to +75*1
Temperature (°C)
Memory ROM {bit) — - - -
RAM (bit) 204 64 204 64
LCD Driver Common 4 1 4 1
Column 51 64 51 64
Instruction Set 4 4 4 4
Operation 0.52 0.52 0.52 0.52
Frequency (MHz)
Duty Static,1/2, Static Static,1/2, Static
1/3,1/4 1/3.,1/4
Package FP-80, FP-80 FP-80 FP-80
FP-80A
TFP-80*2

* 1 -40 to +85°C (Special request). Please contact Hitachi agents.
* 2 Under development

Type Common Driver
Type Number HD44103CH HD44105H HD61103A HD61203 HD61105 HD61105A
Power supply for 5 5 5 5 5 5
internal circuits (V)
Power supply for 1 11 17 17 26 ‘28
LCD Drive Circuit (V)
Power 4.4 4.4 5 5 5 5
Dissipation (mW)
Operating -20t0 +75 -20to +75 -20to +75 -20to +75 -20to +75 -20to +75
Temperature ( °C)
Memory ROM (bit) - - - - - -

RAM (bit) - - - - - -
LCD Driver Common 20 32 64 64 80 80
. Column - - - - - -
Instruction Set - - - -
Operation 1 1 2.5 2.5 0.1 0.1
Frequency (MHz)
Duty 1/8,1/12, 1/8,1/12, Static-1/10, 1/32-1/128 1/64-1/200 1/64-1/240

1/16,1/24,1/32,1/48 1/64
1/32
Package FP-60 FP-60 FP-100  FP-100  FP-100  FP-100
TFP-100

*1 -40 to +85°C (Special request). Pleése contact Hitachi agents.
* 2 Under development

HITACHI
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- Quick Reference Guide

Type Character Display Graphic Display
HD63646F
HD64845F HD66840F
HD44780 HD66780 HDG4646FS HDG6841F HDB6850
Type Number HD43160AH (LCD-1l) (LCD-11A) HD61830 HD61830B LCTC Lvic CLINE
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for - 11 5 - - . - -
LCD Drive Circuit (V)
Power 10 2 2 30 50 50 250 500
Dissipation (mW)
Operating -20t0 +75 -2010 +75%1 -20t0+76 -20to +75 -2010 +75*1 ~20t0 +75 —20t0 +75 -20to +75
Temperature ("C)
Memory ROM (bit) 6420 7200 12000 7360 7360 - - -
RAM (bit) 80x8 80x8, 80x8, - - - - 9762
64x8 64x8
LCD Driver Common  — 16 16 - - - - -
Column - 40 40 - - - - -
Instruction Set 6 1 11 12 12 15 16/24 63
Operation 0.25/0.375 0.25 0.25 1.1 2.4 10 30 32
Frequency (MHz)
Duty 1/8,1/12, 1/8,1/11, 1/8,1/11, Static Static Static Static 1/480
1/16 1/16 1/16 1/128 1/128 1/512 1/1024
Package FP-54 FP-80,  FP-80A  FP-60 FP-60 FP-80,  FP-100A FP-136
FP-80A  FP-80B FP-80B
TFP-80*2

*1 -40 to +85°C (Special req

*2 Under development

Hitachi America, Ltd.  Hitachj Plaza » 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 « (415) 589-8300 1
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Type Number Order

Reference Page

Type Function

HD43160AH LCD Controller 100
HD44100H " LCD Driver with 40 Channel Output 77
HD44102CH LCD Column Driver with 50 Channel Output 216
HD44103CH LCD Common Driver with 20 Channel Output 239
HD44105H LCD Common Driver with 32 Channel Output 247
HD44780 LCD-Il LCD Controller/Driver 114
HD6110A LCD Column Driver with 80 Channel Output 256
HD61102 LCD Column Driver with 64 Channel Output 268
HD61103A LCD Common Driver with 64 Channel Output 296
HD61104 LCD Column Driver with 80 Channel Output 320
HD61104A LCD Column Driver with 80 Channel Output 320
HD61105 LCD Common Driver with 80 Channel Output 332
HD61105A LCD Common Driver with 80 Channel Output 332
HD61200 LCD Column Driver with 80 Channel Output 350
HD61202 LCD Column Driver with 64 Channel Output 363
HD61203 LCD Common Driver with 64 Channel Output 394
HD61602 Segment Display Type LCD Driver 778
HD61603 Segment Display Type LCD Driver 778
HD61604 Segment Display Type LCD Driver 807
HD61605 Segment Display Type LCD Driver 807
HD61830 LCTC LCD Timing Controller 413
HD61830B LCTC LCD Timing Controller 443
HD63645F LCTC LCD Timing Controller 466
HD64645F LCTC LCD Timing Controller 466
HD64646FS LCTC LCD Timing Controller 506
HD66100F LCD Driver with 80 Channel Output 87
HD66106F LCD Column/Common Driver with 80 Channel Output 516
HD66107T LCD Column/Common Driver with 160 Channel Output 531
HD66108T Graphic LCD Controller/Driver 551
HD66110T Column Driver 916
HD66204 LCD Column Driver with 80 Channel Output 931
HD66205 LCD Common Driver with 80 Channel Output 945
HD66214T Micro-TAB 80-Channel Column Driver 959
HD66214TL Micro-TAB 80-Channel Column Driver 959
HD66300T TFT Alalog Column Driver 833
HD66310T TFT Digital Column Driver 894
HD66702 LCD-Il Dot Matrix Liquid Crystal Display Controller and Driver 975
HD66780 LCD-IIA LCD Controller/Driver 167
HD66840F LVIC LCD Video Interface Controller 604
HD66841F LVIC-II LCD Video Interface Controller 652
HD66850F CLINE Color LCD Interface Engine 708

HITACHI
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Driver Output

HD66108T

T 160
HD61603 | 8
HD61605 HD81202
‘ . HD61102
| Controler/Driver HD61604T 60 h
HD44780 i P
(LCD-11)
B + 40
HD66780
(LCD-1I A)
+4+ 20
+—t— —+— t } f Static —+ } 4 —t+—+ —t+——
1/480  1/200 1/128 1/64 1/32 1/16 1/8 1/8 1/16 1/32 1/64 1/128  1/200  1/480
Duty 1/240 1/100 : 1/100 Duty 1/240
HD44103CH -F 20
, HD44105CH , T 32
I~ 1
a0 HD44100H 4
. HD61103A | + 60
1) 1
5675531
HD61203
HD66100F HD61200
HD66205/ HD61105 j——————{HD61100A >
HDB1105A |__| — At —~
|05A | — - 80 HD61104 b—— ]
HD66106F HD66204/HD61104A | !
HD66106F
 — {
- - ommon Driver 1 160 Column Driver — HD66107T ‘J‘
Driver Output
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Selection Guide

Hitachi LCD Driver System

Reference Screen
Type Figure Size (max) Lineup Application
TFT (800x3)x520  HD66310T(Drain) Personal Com-
Full Color HD81105 dots HD61105(Gate) puter
System “"“"J"' e l'r“‘“’ bl I HD66205(Gate) Terminal Work-
station
HDE6310T Navigation Sys-
(Orain Driver)
tem
STN (720x3)x480 HD66850F(Controller) Personal Com-
Full Color dots HD66107T puter
System (Column, Common) Terminal
Work-station
Color 720x480 dots HD66300T(Drain) LCD-TV
LCD-TV HD61105(Gate) Portable Video
System HD66205(Gate)
Video to 720x512 dots  HD66840F, HD66841F Personal Com-
LCD HD66106F(Driver) puter, Terminal,
converter HD66107T(Driver), OHP
HD61104(Column)/
61105(Common)
HD66204(Column)/
66205(Common)
Display 640x400 dots  HD63645F/64645F/ Personal Com-
System 64646FS(Controller)  puter, Word-
for CRT HD61104(Column)/  processor, Ter-
Compatible 61105(Common) minal
HD66204(Column)/
66205(Common)
HD66106F(Driver)
Graphic Character HD61100A(Column), Laptop Computer,
Display 2 | [ vosroaos| | rosrzos 80x16 HD61830B(Controller)  Facsimile, Telex,
System (Contrlen [ (Gommon [0 LOVE Graphic HD61200(Column) Copy machine
480x128dots  HD61103A(Common),
] WoaTIo HD61203(Common)
(Column driver)
Graphic 480x128dots  HD44102CH(Column)/  Laptop Computer,
Display pr 61102(Column) Handy Word-
System H HD81203 (Common Driver) HD44103CH{Common} processor, Toy
(Bitmap) — HD61202(Column)
HD44105H(Common)/
{Column Driver) 61103A(Common)
HD61203(Common)
HD66108T
(Column/Common)
Ch 40 Charac- HD44780(LCD-1t) Electrical Type-
Display ﬂ HD44780 (Controler) ToKYO ters (Controller/Driver) writer, Multifunc-
System %2 Columns  HD66780(LCD- 1l A) tion Telephone,
80 Charac- (Controller/Driver) Handy Terminal
oo | ters HD44100H(Column) .
(Columm Driver) | % 1 Column HD66100F(Column)y
Segl 25 Digits HD61602 ECR, Measure-
Display [PO— x1 Column (Controller/Driver) ment System,
System E‘— Conroer D 250 HD61604 Telephone
T T (Controller/Driver) Industrial Mea-
HD61603 surement System
(Controller/Driver)
HD61605
(Controller/Driver)
HITACHI
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Selection Guide

Application
Character and Graphic Display

1 character=7 X 8 dot (15 X 7 dot + cursor)

. ¢ 8 16 20 24 32 40 Over 80
Line
1
HD66100F
2
3
HD44100H
4
6to8
12 t0 156 HD61200 (Column) + HD61203 (Common)
16 to 25- HD61104 (Column) + HD61105 (Common)
HD66204 (Column) + HD66205 (Common)
26 to 50 HD66106F, HD66107T
Graphic Display
Horizontal
v I 48 96 120 180 240 480 Over 640
16
32 HD61202 (Column) + HD61203 (Common)
48
64
128
HD61104 (Column) + HD61105 (Common)
400 HD66204 (Column) + HD66205 (Common)
HD66106F, HD66107T
Over 400

Note: Applications on this page are only examples, and this combination of devices is not the best.

HITACHI

Hitachi America, Ltd. * Hitachi Plaza 2000 Sierra Point Pkwy. « Brisbane, CA 94005-181 9/- (415) 589-8300 15




Differences Between Products

1. HD66160F and HD44100H

HD66100F HD44100H
LCD drive circuits 80 20x2
Power supply for internal logic (V) 3to6 4.51t0 11
Display duty Static to 1/16 Static to 1/32
Package 100 pin plastic QFP 60 pin plastic QFP

2. HD61100A and HD61200

HD61100A HD61200
LCD drive circuits common - -
column 80 80
Display duty static to 1/128 1/32to 1/128
Power supply for LCD drive circuits (V) Oto 17 8to 17
Power supply limits of LCD driver Vce to Vee shown in figures below
circuit voltage (no limit)

Resistance between terminal Y and terminal
V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L,
and V4R) when load current flows through
one of the terminals Y; to Ygo is specified

under the following conditions:
Vee—Vee=17V

V1L=VIR, V3L=V3R=Vcc—2/7 (Vcc— VkE)
V2L=V2R, V4L =V4R=Vge+2/7 (Vcc—VEE)

VILVIR o\c

Ron

V3L,V3R o o
V4L, V4R o o

Terminal Y
) O (Y1 to Ygo)

R

V2L,V2R O—0

Figure 1 Resistance between Y ard V Terminals

The following is a description of the range of
power supply voltage for liquid crystal dis-
play drives. Apply positive voltage to VIiL=
V1R and V3L=V3R and negative voltage to

V2L=V2R and V4L=V4R within the AV ran-
ge. This range allows stable impedance on
driver output (Ron). Notice the AV depends
on power supply voltage Vcc—VEs.

—— Vec
. T V1(VIL=V1R)
AV —=—~ V3(V3L=V3R)

= V4 (VAL=V4R)
~V
—-L_I—:; _______ V2 (v2L=V2R)

EE

Correlation between Driver
Output Waveform and Power
supply Voltages for Liquid
Crystal Display Drive

The Range of Power Supply

Voltage for Liquid Crystal

Display Drive

5.5 e e e e e —

AV (V)

8
Vee— Vee (V)
Correlation between Power
Supply Voltage V¢c Vg and AV

Figure 2 Power Supply Voltage Range

HITACHI
16 Hitachi America, Ltd. * Hitachi Plaza » 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300



Differences Between Products

3. HD66100F and HD61100A

HD66100F HD61100A
LCD driver circuits common - -
column 80 80
Power supply for LCD drive circuits (V) 3to6 5.5t017.0
Display duty static to 1/16 static to 1/128
Operating frequency (MHz) 1.0 MHz (max) 2.5 MHz (max)
Data fetch method Shift Latch

Package 100 pin Plastic 100 pin plastic QFP
QFP (FP-100) (FP-100)
4. HD61830 and HD61830B
HD61830 HD61830B
Oscillator Internal External
Operating frequency (MHz) 1.1 MHz 2.4 MHz

Display duty

static to 1/128

static to 1/128

Programmable screen size (Max)

64 x 240 dots

128x480 dots

(1/64 duty) (1/64 duty)
Other pin 6:C pin 6:CE
pin 7:R pin 7:0E
pin 9:CPO pin 9:NC
Package Marking (] ®
Lot No.
© 31
HD61830A00
.;M
N Typs No.
\ Lot No.
®
@ e
HD61830B00
JAP\
N Type No.
AN

Figure 3 Package Marking

HITACHI
Hitachi America, Ltd. * Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300
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Differences Between Products

5. HD61102 and HD61202

HD61102 HD61202
Display duty static to 1/64 1/32 to 1/64
Recommended voltage between 4.5 t0 156.5 8to 17
Vce and Vee (V) :
Power supply limits of LCD driver Vcc to Vee (no limit) shown in following fig-
circuits voltage ures
Pin 88 DY (output) NC (no connection)
Absolute maximum rating of Vee (V) Vec—17.0 to Vec—19.0 to

Vcc+0.3 Vcc+0.3

Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R)
when load current flows through one of the terminals Y1 to Yes is specified under the following

conditions:

Vec—Vee=15V
V1L=VI1R, V3L=V3R=Vcc—2/7 (Vcc— Vkg)
V2L=V2R, V4L=V4R=Vgg+2/7 (Vcc—VEE)

Ron
VILVIR —————0 O NV~
—_—0 i
V3L,V3R o AN Terminal Y
9 (v, t0Yes)
VALVAR — 0 SO AN\~ e
V2LV2R —————O—O AN

Figure 4 Resistance between Y and V Terminals

The following is a description of the range of
power supply voltage for liquid crystal dis-
play drives. Apply positive voltage to ViL=
V1R and V3L=V3R and negative voltage to

V2L=V2R and V4L=V4R within the AV ran-
ge. This range allows stable impedance on
driver output (Ron). Notice that AV depends
on power supply voltage Vcc— VEs.

Vce
| == V1 (VIL=VIR)
av ——- V3(V3L=V3R)
vl —™ ——-—————— V4 (VAL=V4R)
|| - \\;2(V2L=V2R)

EE

Correlation between Driver
Output Waveform and Power
supply Voltages for Liquid
Crystal Display Drive

AV (V)

The Range of Power Supply
Voltage for Liquid Crystal
Display Drive
5.0
a—————"
8 17.0
Vee=Vee (V)

Correlation between Power
Supply Voltage Vcc—Vee and AV

Figure 5 Power Supply Voltage Range

HITACHI
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Differences Between Products

6. HD61103A and HD61203
HD61103A

HD61203

Recommended voltage between 45t017

Vec and Vee (V)

8to 17

Power supply limits of LCD drive
circuits voltage

Vce to Vee (no limit)

shown in figures below

Output terminal

shown in following figure 4

shown in following figure 5

Resistance between terminal Y and terminal
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L
and V6R) when load current flows through
one of the terminals X1 to X64. This value is
specified under the following conditions:

Vee—Vee=17V
V1L=VI1R, V6L=V6R=Vcc—1/7 (Vcc—VEE)
V2L=V2R, V5L=V5R=Vge+1/7 (Vcc—VEE)

] o Terminal Y
(Y to Yea)

VILVIR o o '\F}‘v\r
V6L,V6R 0 ~So— AVAYAY,
V5L, V5R o\c% AN\
V2L,V2R -O—O0— NN

Figure 6 Resistance between Y and V Terminals

Here is a description of the range of power
supply voltage for liquid crystal display drive.
Apply postive voltage to VIL=V1R and V6L =
V6R and negative voltage to V2L=V2R and

V5L=V5R within the AV range.
This range allows stable impedance on driver
output (Ron). Notice that AV depends on
power supply voltage Vcc— VEE.

Vee
V1 (VIL,=V1R)

AV _-I__—- V6 (V6L=V6R)

V5 (V6L=V5R)

V2 (V2L=V2R)
Vee

AV. _‘

The Range of Power Supply
Voltage for Liquid Crystal
Display Drive

8 17
Vee—Vee (V)

Figure 7 Correlation between Driver
Output Waveform and Power
Supply Voltages for Liquid
Crystal Display Drive

Figure 8 Correlation between Power
Supply Voltage Vcc—Vee and
AV

HITACHI
Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 19




Differences Between Products

ViR | f ] PmMOS
VIR e —O VILVIR.
JE —
== [TV Lpmos
veL Ve —O V6L,V6R
V6R o—¢ -0
I ’ —| Nmos
EE

o— —O V5L, V5R
PR — N
5 [ f ] Nmos
*:Et;‘___)—o 35; Vie -O V2L,V2R
R

r:; vaL Figure 10 HDG61203 Output Termiral
V2R

Figure 9 HDG61103A Output Termiral

7. HD61602, HD61603, HD61604, and HD61605

HD61602 HD61603 HD61604 HD61605
Power supply (Vpp) 2.2~5.5V 2.2~5.5V 4 .5~5.5V ~ 4.5~5.5V
Instruction word 8 bits X 2 4 bits X 4 8 bits X 2 4 bits X 4
LCD power supply circuit Yes - - -
Segment terminals 51 64 51 64
Display size Static 6 digits + 3 marks 8 digits 6 digits + 3 marks 8 digits
frame frequency 33Hz 33Hz 98Hz 98Hz
(fosc=100 kHz) 1/2 duty 12 digits + 6 marks — 12 digits + 6 marks —
65Hz 195Hz
1/3 duty 17 digits - 17 digits -
208Hz 521Hz
1/4 duty 25 digits + 4 marks — 25 digits + 4 marks —
223Hz 781Hz
HITACHI
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Differences Between Products

8. HD44780 LCD-II and HD66780 LCD-II A
Item LCD- i (HD44780) LCD- Il A (HD66780) Note
Display RAM 80 bytes (80 characters) —
(Maximum number of
display characters)
Character generator ROM 7200 bits 12000 bits
(kinds of characters) 192 characters 240 characters
5x7;160 characters 5x10;240 Characters
5x10;32 characters
Character generator RAM 64 bytes (8 characters) —
(Number of characters)
LCD driving terminals 16 COMs —
(Maximum number of 40 SEGs
display characters/ (16 characters)
unit)
Character font 5% 8 dots —
(with a cursor) 5x11 dots
Multiplexing duty ratio 1/8, 1/11, 1/16 Same as LCD- I
*1LCD driving voltage 1/4 bias 3.0to 11 (V) 3.0 to Ve (V) Vce to Vs
1/5 bias 4.6 to 11 (V) 3.0 to Ve (V) ‘
*1LCD driving waveform waveform A waveform B Shown follow-
: ing figures
* Bus timing 1, 1.5MHz 2MHz
Instruction codes 11 instructions —
Power-on reset circuit Yes —
Oscillator Ceramic filter, Rf, —
(Frequency) external clock
(250 kHz)
Interface HD44100H HD44100H or HD66100F
Package FP-80, FP-80A, TFP-80*2 FP-80, FP-80A
Note: *1 Indicates the modified items in LCD- Il A.
*2 Under development
Common !_dJ_LH-l_JJlH_ Common ?—I—EL—J__!_—L__L_I
: - ! :
i |
Segment | | l | | | | | l I -I Segment

Common-segment

Common-segment

L [

o

1 frame

[,
: 1 frame

Figure 11 Waveform A (1/3 Duty, 1/3

Bias)

HITACHI

Figure 12 Waveform B (1/3 Duty, 1/3

Bias)
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Differences Between Products

9. HD61104, HD61104A and HD66204

. : HD61104 HD61104A HD66204
LCD drive circuits 80 . 80 : 80
Data transfer rate (MHz) 3.5 3.5 8
Power supply for LCD drive circuits (V) 10 to 26 10 to 28 10 to 28
Display off function No No Yes

10. HD61105, HD61105A and HD66205

HD61105 HD61105A HD66205
LCD drive circuits 80 80 80
Power supply for LCD drive circuits (V) 10 to 26 10 to 28 10 to 28
Display off function No No Yes
11. HD66106F and HD61104

HDG66106F HD61104
LCD drive circuits voltage +14 to +35 (VLcp-GND) -10 to -26 (Vcc-Vee)
Display Duty 1/100 to 1/400 1/64 to 1/200
Operating frequency (MHz) : 6.0 MHz 3.5 MHz
Function column and common driver column driver

12. HD66106F and HD66107T
: HD66106F HD66107T

LCD drive circuits 80 160
Data transfer 4-bits 4-bits/8-bits
Operating frequency (MHz) 6 8
Power supply for LCD drive circuits 14 to 37 14 to 37
Packge 100-pin plastic 192-pin TAB

QFP (FP-100A)

13. HD63645F, HD64645F and HD64646FS

HDG63645F HD64645F HDG64646FS
CPU interface 68 family 80 family 80 family
Package 80-pin plastic 80-pin plastic 80-pin plastic
QFP (FP-80) QFP (FP-80) QFP (FP-80A)
Other - - HD64646 has another LCD

drive interface in HD64645

14. HD66840F and HD66841F

HD66840F HD66841F
Frame-based thinning control Edch line Each dot and each line
Display mode 16 Single screen Dual screen
Both sides X/Y driver One sides X/Y driver
Horizontal stripe Vertical stripe
Gray-scale palette No 8 registers
HITACHI
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LCD CONTROLLER/DRIVER LSI DATA BOOK

Section Two

General Information 11

e TCP (Tape Carrier Package)
e Package Information
e Reliability and Quality Assurance
e Reliability Test Data of LCD Drivers
e Flat Plastic Package (QFP) Mounting Methods
e Liquid Crystal Driving Methods
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TCP (Tape Carrier Package)

1 Overview
Hitachi is developing TCP-applied LCD driver LSIs in response to the following situation.

Because LCDs are improving yearly, they have become second only to CRTs in terms of screen
size and display quality. At the same time, LCD driver LSIs have also been improving in terms of
voltage-resistivity and the number of pins.

At present, LCD screens with a maximum of 640x480 dots has been put into practical use,
matching the size of conventional high-definition CRT display screens. Availability of this screen
size promotes the development and improvement of new application fields such as laptop personal
computers, portable word processors, and the like.

In the light of the above, higher performance has been demanded of LCD driver LSIs, especially
in regards to LCD driving voltage, operating speed, and the number of pins. In fact, certain
manufacturers of portable devices employing LCDs demand 1-mm-thick packages having a
relatively large number of pins.

TCP packages have the advantages of being able to allow extra thin mounting and less restricted
design of connecting leads, while in contrast, conventional packages utilizing wire bonding
methods such as QFP require a relatively large area for board mounting, thus preventing thin and
high-density mounting.

TCP packaging is also called "film carrier" since the wiring nattern for each product is formed
continuously on a film-base tape.

TCP features are listed below.

« Great reduction in mounting size
« Increased number of pins for LSI devices
» Power-on burn-in possible

* TCP (Tape Carrier Package)
Photograph 1 shows the TCP tape exterior and figure 1 shows TCP structure.

Copper leaf

Solder resist Molding agent

Adhesive agent
Film base

Photograph 1 TCP Exterior Figure 1 TCP Structure (Cross Section)
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TCP

1.1 Bump Formation

Although LSI electrodes and package leads are wired with Au-wire bonding for QFP, Au bumps
formed on LSI electrodes (Al pads) and inner leads prefabricated on tape are thermo-compressed
and bonded together for TCP. This method is called "inner-lead bonding" or ILB for short.

Figure 2 shows the sequence for Au bump formation.

Al pad

*UBM

Y

Final passivation

Y

Through-hole formation

v

UBM?* deposition Bump
‘ LTI L L TTTTTTON, i

: \ )

Bump photo-resist formation

Resist removal

Y

UBM etching *UBM: Under-bump metal

Figure 2 Au Bump Formation
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1.2 Reliability Test Data
-The result of the reliability test on TCP produéts are shown in table 1 through 3.
Table 1 HD66107T Reliability Test Result

26

Test item Test condition Resuit Remarks
Operation at high Ta=125°C, Vge=5.5 V 0/32

temperature t=1000 h

Standing at high Ta=125"C, t=1000 h 0/22

temperature )

Standing at low Ta=-55'C, t=1000 h 0/22

temperature

Standing at high Ta=65'C, RH=95%, 0/45

temperature t=1000 h

PCT Ta=121°C, RH=100%, t=60 h 0/22

Temperature cycle —40° to 85°C, 200 cycles 0/45

Thermal shock 0° to 100°C, 15 cycles 0/22

Solder heat resistance  260°C, 10's 0/22 Only lead dipped

Table 2 HD61105T Reliability Test Result

Test item Test condition Resuit Remarks
Operation at high Ta=125°C, Voe=5.5 V 0/32

temperature t=1000 h

Standing at high Ta=125°'C, t=1000 h 0/22

temperature

Standing at low Ta=-55°'C, t=1000 h 0/22

temperature

Standing at high Ta=65"C, RH=95%, 0/45

temperature t=1000 h -

PCT Ta=121°C, RH=100%, t=60 h 0/22

Temperature cycle —40° to 85°C, 200 cycles 0/45

Thermal shock 0°C to 100°C, 15 cycles 0/22

Solder heat resistance  260°C, 10's 0/22 Only lead dipped

Hitachi America, Ltd. » Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819  (415) 589-8300
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Table 3 Common Reliability Test Results of TCP

Test item Test condition Result Remarks
Solderability 230°C, 5 s, Rosin flux 0/11
Solvent resistance Isopropylalcohol, dipping for 0/11
10 min.
Salt spray 5% NaCl aqueous solution,

35°C, t=24 h

0/22

Tensile strength of
terminal

2.5 kg/mm2, 10's, 1 cycle

0/11 Input lead only 2

HITACHI
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2 Standard Product Specifications

2.1 Tape Design and Structure
(1) Tape components

Inner lead
mO0O0O0O0000000048

B3 Test
pad

E : : lead transition area)
’ " ////A\l\}]"» , Tape hole

e S . : % \ Device hole

Ei] D\D O I:I EI O D\E’ OoOo EP QOuter lead

“ Lead (inner lead to outer

— PO

[ User pattern area Perforated hole

Figure 3 Tape Components

(2) Hitachi standard TCP product structure

Hitachi can provide the standard TCP products listed in table 4 immediately. Figures 4 to 11 show
the structure of each TCP product.

Table 4 Hitachi Standard TCP Product Specifications
No. of ' Outer Lead Product  Tape

No.  Product Base Chip Function outputs  Pitch (um)  Length*  Thickness
1 HD61104T02 HD61104 Column 80 300 6 125
LCD driver
2 HD61105T02 HD61105 Common 80 300 6 125
LCD driver
3 HD66107T00 HD66107 LCD driver 160 280 12 75
4 HDe6107ToOl 80 280 12 75
5 HD66107T11** 160 180 8 75
6 HD66107T12** 160 250 10 75
7 HD66108T00 HD66108 Graphic 165 400 8 75
LCD driver
8 HD66300T00 HD66300 TFT analog 120 300 10 75
driver
9 HD66310T00 HD66310 gFT digital 160 180 8 75
river

*:  Number of perforations
**:  Under development

| HITACHI
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Figure 5 Hitachi Standard TCP 2 - HD61105T02 -
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Figure 7 Hitachi Standard TCP4 - HD66107T01 -
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2.2 Product Delivery Specifications
Specifications for product delivery to customers is described below.
2.2.1 Tape Joint (Including Lead Tape Joint)

TCP tape is cut into strips for aging and other purposes, after which they are again joined together.
" Joint specifications are given below (figure 13).

oooaQo

Userl
pattern

Joooao

Joint tapes

R a—

3.35,6.0 0r 12.2 ite
;J‘ L or MM Units: mm

Note: Joint tape is affixed to both top and bottom surfaces of the joint. The
joint must not be twisted or subjected to a large stresses.

Figure 13 Tape Joint
2.2.2 Mark

Hitachi control code, made up of three or six digits, is marked on potting resin as shown in ﬁgure
14. The HD66108TO00 is marked on top of the solder resist.

Die center

]
..J I___' Molding area

]
L]

F

Figure 14 Mark Pattern
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2.2.3 Packing

Antistatic sheet

Figure 15 Packing

HITACHI
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(1) Delivery
A reel wound with carrier tape is sealed in an opaque antistatic sheet with N2 and packed into a
carton before delivery.
(2) Tape
I.  Carrier tape: 40m
II. Lead tape: 2+0/-1 m added to both ends of the carrier tape

III. Conductive tape: 40m
IV. Separator: 40m
V.  Tape is wound with its pattern surface on the inside.

Note: The length of I, III, and IV may vary slightly depending on the number of products
contained on the tape.

(3) Request for Recovery of Packing Material
Please return the separator, lead tape, and reel to us after using the TCP product.

Detailed return procedures will be advised by our Sales Department.

HITACHI .
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(3) Reel

43

“w ~ s
gL st 1
e | 8| v

o~

©

Note: The shaft hole of the reel is slightly greater than the specified shaft size.

Unit: mm
Material: Styrole

Figure 16 Reel Dimensions

Note: LSIs dtermined defective during classification, assembly, or other processes are punched
out.
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2.2.4 Storage Conditions

(1) When storing in the original packing

Store in normal atmospheric conditions, and use within 6 months of delivery.

(2) Storage after opening

Storage in a nitrogen atmosphere with a dew point of —30°C or below is recommended.
2.2.5 Usage Notes for TCP Products

(1) Prevention of Static Damage

In addition to normal static preventive measures for IC circuits, observe the following precautions
for TCP products.

+ Since TCP products have a film layer on their base, they acquire a static charge easily. In
handling TCP products exert extra caution in the installation of ion blowers and grounding so
that the film does not become charged.

» At the same time as handling the circuits in a manner such that static electricity is not applied to
the package leads, carry out static electricity damage prevention measures in the equipment,
especially in the parts of the tape guide which contact the lead pins.

(2) Lead Outer Coating

The lead spacing of TCP products is significantly narrower than that of other products and
shorting problems are more easily caused by conductive foreign elements such as stray solder or
machinings. We recommend an outer coating of resin over the leads as a preventive measure.

Also, to enable TCP products to be mounted at a high density, a conductive foil is bonded to the
film, and wiring and leads are formed by precision manufacturing techniques. Therefore, it is
possible that contamination of the foil with, for example, solder flux, may result in corrosion and
broken connections. Thus, special care should be taken to avoid wiring and lead contamination
when mounting TCP products by soldering or other methods.

(3) Mechanical and Electrical Handling

To reduce thickness, the back surface of the chip is exposed in TCP products. To prevent chip
cracking or static damage, mount TCP products in a manner which results in no mechanical or
electrical contact with the back surface of the chip.

Since the wiring and leads on the TCP tape is fabricated from extremely thin copper foil, its
mechanical strength is reduced. Mounting techniques and structures which apply strong external
forces to the copper foil should be avoided.

Also, to assure electrical characteristics, avoid direct exposure to sunlight.
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(4) Unpacking

« The copper foil is plated. To assure good solderability, use the products as soon after unpacking
as possible.

» Since TCP products use polyimide as their base film, the film expands when it absorbs
moisture. Although the packaging is moisture proof, TCP products should be used as soon after
opening as possible.

(5) Other Items

* We recommend the use of the sprocket holes in the stamped product parts in positioning TCP
products during individual punching.

Since lead tape has a poor ability to withstand heat, and shrinks when heated, do not apply high
temperatures to the lead tape.

Bending TCP products can introduce cracks in the solder resist. Care should be taken to avoid
bending when handling TCP products.

« When stacking TCP product boxes (the original packaging) for storage, do not stack more than
10 high.

Do not apply large mechanical shocks to TCP product packaging.
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Package Information

Package Information

The Hitachi LCD driver devices use plastic

equipment in which they are incorporated
and provide higher density mounting by util-
izing the fegtures of thin liquid crystal display

flat packages to reduce the size of the elements.
Package Dimensions:
Scale: 3/2
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Reliability and Quality Assurance

1. Views on Quality and Reliability

Hitachi’s basic quality aims are to meet indi-
vidual user's purchase purpose and quality
required, and to be at a satisfactory quality
level considering general marketability.
Quality required by users is specifically clear
if the contract specification is provided. If not,
quality required is not always definite. In
both cases, Hitachi tries to assure reliability
so that semiconductor devices delivered can
perform their function in actual operating
circumstances. To realize this quality in the
manufacturing process, the key points should
be to establish a quality control system in the
process and to enhance the quality ethic.
In addition, quality required by users of
semiconductor devices is going toward
higher levels as performance of electronic
system in the market is increasing and
expanding in size and application fields. To
cover the situation, Hitachi is performing the
following:
1. Building in reliability in design at the stage
of new product development.
2. Buliding in quality at the sources of the
manufacturing process.
3. Executing stricter inspection and reliabil-
ity confirmation of final products.
4. Making quality levels higher with field
data feedback.
5. Cooperating with research laboratories for
higher quality and reliability.
With the views and methods mentioned
above, utmost efforts are made to meet users’
requirements.

2. Reliability Design of Semiconductor
Devices

2.1 Reliability Targets

The reliability target is the important factor
in manufacture and sales as well as perfor-
mance and price. It is not practical to rate
reliability targets with failure rates under
certain common test conditions. The reliabil-
ity target is determined corresponding to the
character of equipment taking design, man-
ufacture, inner process quality control,
screening and test method, etc. into consid-
eration, and considering the operating cir-
cumstances of equipment the semiconductor
device is used in, reliability target of the
system, derating applied in design, operating
condition, maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on
reliability targets, timely study and execution

of design standardization, device design (in-
cluding process design, structure design),
design review, reliability test are essential.

2.2.1 Design Standardization

Establishment of design rules, and standard-
ization of parts, material and process are
necessary. To establish design rules, critical
quality and reliability items are always stud-
ied at circuit design, device design, layout
design, etc. Therefore, as long as standard-
ized process, material, etc. are used, reliability
risk is extremely small even in newly devel-
oped devices, except in cases where special
functions are needed.

2.2.2 Device Design

It is important in device design to consider
the total balance of process design, structure
design, circuit and layout design. Especially
when new processes and new materials are
employed, careful technical study is executed
prior to device development.

2.2.3 Reliability Evaluation by Test Site

Test site is sometimes called test pattern. It is
a useful method for design and process reli-
ability evaluation of ICs and LSIs which have
complicated functions.

Purposes of test site are:

- Making fundamental failure mode clear

- Analysis of relation between failure mode
and manufacturing process condition

- Search for failure mechanism analysis

- Establishment of QC point in manufactur-
ing

Evaluation by test site is effective because:

- Common fundamental failure mode and
failure machanism in devices can be
evaluated.

- Factors dominating failure mode can be
picked up, and comparison can be made
with processes that have been experienced
in field.

- Relation between failure causes and man-
ufacturing factors can be analyzed.

- Easy to run tests.

- Etc.

2.3 Design Review

Design review is an organized method to
confirm that a design satisfies the required
performance (including users’) and that
design work follows the specified methods,
and whether or not improved technical items
accumulated in test data of individual major
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Reliability and Quality Assurance

fields and field data are effectively built in. In

addition, from the standpoint of enhance-

ment of the competitive power of products,
the major purpose of the design review is to
ensure quality and reliability of the products.

In Hitachi, design reviews are performed

from the planning stage for new products

and even for design changed products. Items
discussed and determined at design review
are as follows: :

1. Description of the products based on

. specified design documents.

2. From the standpoint of the specialties of
individual participants, design documents
are studied, and if unclear matter is found,
calculation, experiments, investigation,
etc. will be carried out.

3. Determine contents of reliability and
methods, etc. based on design documents
and drawings.

4. Check process ability of manufacturing
line to achieve design goal.

5. Discussion about preparation for produc-
tion.

6. Planning and execution of subprograms
for design changes proposed by individual
specialists, and for tests, experiments and
calculation to confirm the design changes.

7. Reference of past failure experiences with
similar devices, confirmation of methods to
prevent them, and planning and execution
of test programs for confirmation of them.
These studies and decisions are made
using check lists made individually de-
pending on the objects.

3. Quality Assurance System of Semi-
conductor Devices

3.1 Activity of Quality Assurance

General views of overall quality assurance in

Hitachi are:

1. Problems in an individual process should
be solved in the process. Therefore, at final
product stage, the potential failure factors
have been already removed.

2. Feedback of information should be used to

’ ensure satisfactory level of process capa-
bility.

3. To assure required reliability as a result of
the items mentioned above is the purpose
of quality assurance.

The following discusses device design, qual-

ity approval at mass production, inner proc-

ess quality control, product inspection and
reliability tests.

3.2 Quality Approval

To ensure required quality and reliability,
quality approval is carried out at the trial

production stage of device design and the

mass production stage based on reliability

design as described in section 2.

Hitachi's views on quality approval are:

1. A third party must perform approval
objectively from the standpoint of cus-
tomers.

2. Fully consider past failure experiences and

.information from the field.

. Approval is needed for design change or
work change.

. Intensive approval is executed on parts
material and process.

. Study process capability and variation
factor, and set up control points at mass
production stage.

Considering the views mentioned above,

figure 1 shows how quality approval is per-

formed.

o A W

3.3 Quality and Reliability Control at
Mass Production

For quality assurance of products in mass
production, quality control execution is
divided organically by function between
manufacturing department and quality
assurance department, and other related
departments. The total function flow ‘is
shown in figure 2. The main points are de-
scribed below. .

3.3.1 Quality Control of Parts and Mate-
rial

As the performance and the reliability of
semiconductor devices improve, the impor-
tance of quality control of material and parts
(crystal, lead frame, fine wire for wire bond-
ing, package) to build products, and materials
needed in manufacturing process (mask pat-
tern and chemicals) increases. Besides quality
approval on parts and materials stated in
section 3.2, the incoming inspection is also
key in quality control of parts and materials.
The incoming inspection is performed based
on an incoming inspection specification, fol-
lowing purchase specification and drawings,
and sampling inspection is executed based
mainly on MIL-STD-105D.
The other activities of quality assurance are
as follows:
1. Outside vendor technical information
meeting
2. Approval on outside vendors, and guid-
ance of outside vendors
3. Physical chemical analysis and test
The typical check points of parts and mate-
rials are shown in table 1.

HITACHI
50  Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300



Reliability and Quality Assurance

manufacturing process is tightly executed:
Strict check on each process and each lot,
100% inspection to remove failure factor
caused by manufacturing variation, and
necessary screening, such as high tem-

3.3.2 Inner Process Quality Control

Inner process quality control performs a very
important function in quality assurance of a
semiconductor devices. The following is a
description of control of semifinal products, perature aging and temperature cycling.
final products, manufacturing facilities, Contents of inner process quality control
measuring equipments, circumstances and are:

submaterials. The quality control in the - Condition control on individual equip-
manufacturing process is shown in figure 3 ment and workers, and sampling check
corresponding to the manufacturing process. of semifinal products.

- Proposal and carrying-out of work

improvement

- Education of workers

- Maintenance and improvement of yield
- Detection of quality problems, and exe-

1. Quality Control of Semifinal Products and
Final Production Products
Potential failure factors of semiconductor
devices should be removed in manufac-
turing process. To achieve this, check cution of countermeasures
points are setup in each process, and - Transmission of information about qual-
products that have potential failure factors ity
are not transferred to the next process. For
high reliability semiconductor devices,
especially manufacturing line is carefully
selected, and the quality control in the

2. Quality Control of Manufacturing Facilities
and Measuring Equipment
Equipment for manufacturing semicon-

Step Contents

Target [ - -
| Specification i — Design Review l

Purpose

{__Characteristics Approval =

r Quality Approval (1)

Design . Characteristics of Material Confirmation of
Trial e XI:;?:"SLSI' Parts §_ | and Parts Characteristics and
Production Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

Electrical Characteristics
Function
Voltage
Current
Temperature
Others
Appearance, Dimension

Confirmation of Target
Spec. (Mainly Electrical
Characteristics}

!._...._..__

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

ﬂ Quality Approval (2)

l___

| Mass Production |

Reliability Test
Process Check (same as
Quality Approval (1))

Confirmation of Quality
and Reliability in Mass
Production

Figure 1 Quality Approval Flowchart
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ductor devices have been developing
extraordinarily, with required high per-
formance devices and production in-
provements. They are important factors to
determine quality and reliability. In Hita-
chi, automation of manufacturing equip-
ment is promoted to improve manufactur-
ing variation, and controls maintain proper
operation and function of high perfor-
mance equipment. Maintenance inspec-
tion for quality control is performed daily
based on related specifications, and also
periodical inspections. At the inspection,
inspection points listed in the specification
are checked one by one to avoid any om-
issions. During adjustment and mainte-

nance number and specifications are
checked one by one to maintain and
improve quality.

. Quality Control of Manufacturing Circum-

stances and Submaterials

Quality and reliability of semiconductor
devices is greatly affected by manufactur-
ing process. Therefore, manufacturing cir-
cumstances (temperature, humidity, dust)
and the control of submaterials (gas, pure
water) used in manufacturing process are
intensively controlled. Dust control is de-
scribed in more detail below.

Dust control is essential to realize higher
integration and higher reliability of

nance of measuring equipment, mainte- devices. In Hitachi, maintenance and
Process Quality Control Method
____{ Material, Parts

Material,

Parts - - "
Inspection Inspection on Material and ~ |---- 4 Lot Sampling,
of Material ---{ Parts for Semiconductor Confirmation of
and Parts Devices ] Quality Level

F __________ i Manufacturing Equipment
ufacturing Equi| , " .
; %“"‘" Environment, Submaterial, gzglfi:ymf;:/oe? of
| | Worker Control
1
| i
1 | : --4--1 Lot Sampling
K - B
| Screening b---{ Inner Process Quality Confirmation of
| | Control . -
1 | et Quality Level
! |
| |
100% Inspection of r=1-- ;
R i - " '
H 100% Inspection }‘ 1 Appearance and Electrical 'll";s;:;gtion
Characteristics e
Sampling Inspection of M=
IF;: odl:;':sn Appearance and Electrical Lot Sampling
Spectiof Characteristics e
» r—<--1 Confirmation of
Reliability Test Quality Level,
R Lot Sampling
Feedback of
Quality Information 1 Information
Claim i
Field Experience 1
General Quality r—
__Information _______ 4
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Figure 2 Flowchart of Quality Control in Manufacturing Process
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improvement of cleanness and manufac-
turing site cleanness are executed paying
close attention to buildings, facilities, air-
conditioning systems, packaging mate-
rials, clothes, work, etc., and periodical
inspection for floating dust in room, falling
dust, and floor dust.

3.3.3 Final Product Inspection and Reli-
ability Assurance

1. Final Product Inspection
Lot inspection is done by quality assur-
ance department for products that were
judged to be 100% good in tests, which is

the final process in the manufacturing
department. Though 100% good products
is expected, sampling inspection is
executed to prevent inclusion of failed
products by mistake, etc. The inspection is
executed not only to confirm that the
products meet users' requirements, but to
consider potential trouble factors. Lot
inspection is executed based on MIL-STD-
105D.

. Reliability Assurance Tests

To assure reliability of semiconductor
devices, periodical reliability tests and.
reliability tests on individual manufactur-
ing lots required by user are performed.

Table 1 Quality Control Check Points of Material and Parts

(Example)

Material, Parts Important Control Items

Points to Check

Wafer Appearance Damage and contamination on surface
Dimension Flatness
Sheet resistance Resistance
Defect density Defect numbers
Crystal axis
Mask Appearance Defect numbers, scratch
Dimension Dimension level
Registration
Gradation Uniformity of gradation
Fine wire for wire bond- Appearance Contamination, scratch, bend, twist
ing Dimension
Purity Purity level
Elongation ratio Mechanical strength
Frame Appearance Contamination, scratch
Dimension Dimension level
Processing accuracy
Plating Bondability, solderability
Mounting characteristics Heat resistance
Ceramic package Appearance Contamination, scratch
Dimension Dimension level
Leak resistance Airtightness
Plating Bondability, solderability

Mounting characteristics
Electrical characteristics
Mechanical strength

Heat resistance

Mechanical strength

Plastic Composition

Electrical characteristics
Thermal characteristics
Molding performance
Mounting characteristics

Characteristics of plastic material

Molding performance
Mounting characteristics
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— Wafer
Q
m]
'—Package ———»
0
0o

Process

Y Purchase of material

Surface oxidation

Inspection of surface
oxidation

Photo resist

Inspection of photo resist
PQC level check

Diffusion

Inspection of diffusion

PQC level check
Evaporation

Inspection of evaporation
PQC level check

Wafer inspection

Inspection of chip
electrical characteristics

Chip scribe

Inspection of chip
appearance

PQC lot judgement

Assembling

PQC level check

Inspection after assembling]
PQC lot judgement

Sealing

PQC level check
Final electrical inspection

Failure analysis

Appearance inspection

Sampling inspection of
products

Receiving

Shipment

Wafer

Oxidation

Photo
resist

Diffusion

Evaporation

Wafer

Chip

Assembling

Sealing

Marking

Control point

Characteristics, Appearance

Appearance, Thickness of
oxide film

Dimension, Appearance

Diffusion depth, Sheet
resistance

Gate width
Characteristics of oxide
film, Breakdown voltage

Thickness of vapor film,
Scratch, Contamination

Thickness, Vru characteris-
tics

Electrical characteristics

Appearance of chip

Appearance after chip
bonding

Appearance after wire
bonding

Pull strength, Compression
width, Shear strength

Appearance after assembling

Appearance after sealing
Outline, Dimension

Marking strength

Analysis of failures, Failure
mode, Mechanism

Purpose of control

Scratch, removal of crystal
defect wafer

Assurance of resistance

Pinhole, Scratch

Dimension level
Check of photo resist

Diffusion status

Control of basic parameters
{Vrh, etc.) cleanness of surface
Prior check of iy

Breakdown voltage check

Assurance of standard
thickness

Prevention of cracks,
Quality assurance of scribe

Quality check of chip
Bonding

Quality check of wire
Bonding

Prevention of open and
short

Guarantee of appearance
and dimension

Feedback of analysis infor-
mation

Figure 3 Example of Inner Process Quality Control
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

_____________________________________________ _1,
Failure Analysis |
Quality Assurance Dept. ¥ |
|
J{ |
{ ] !
" . Countermeasure
Manufacturing Dept. Design Dept. ’
9 Dep esig P Execution of =
Countermeasure |
|
Report |
|
|
|
|
Quality Assurance Dept. Follow-up and Confirm- :
ation of Countermeasure |
Execution |
Report |
_________________________________________________ J

Sales Engineering Dept.

Reply

Customer

Figure 4 Process Flowchart of Field Failure
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Reliability Test Data of LCD Drivers

1. Introduction

The use of liquid crystal displays with micro-
computer application systems has been
increasing, because of their low power con-
sumption, freedom in display pattern design,
and thin shape. Low power consumption and
high density packaging have been achieved
through the use of the CMOS process and the
flat plastic packages, respectively.

This chapter describes reliability and quality
assurance data for Hitachi LCD driver LSIs

based on test data and failure analysis
results.

2. Chip and Package Structure

The Hitachi LCD driver LSI family uses low
power CMOS technology and flat plastic
package. The Si-gate process is used for high
reliability and high density. Chip structure
and basic circuit are shown in figure 1, and
package structure is shown in figure 2.

PSG Al Gate
N J UNJ Gl
§ P-Well
1 1 1
T \
Si0, Source Drain
FET2
S
G P-channel
FET, EMOS
D
D
N-channel
FET, G EMOS

Figure 1 Chip Structure and Basic
Circuit

Bonding wire Plastic

Figure 2 Package Structure
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3. Reliability Test Results

The test results of LCD driver LSI family are

shown in Tables 1, 2, and 3.

Table 1 Test Result 1, High Temperature Operation

(Ta=125°C, Vcc=5.5V)

Device Sample Size . Component Hour Failure
HD44100H 40 40,000 (o]
HD44102H 40 40,000 (o]
HD44103H 40 40,000 0
HD44780 90 90,000 0]
HD66100F 45 45,000 0
HD61100A 80 80,000 0
HD61102 50 50,000 (o]
HD61103A 50 50,000 (o}
HD61200 40 40,000 0]
HD61202 50 50,000 (o]
HD61203 40 40,000 [o]
HD61104 45 45,000 0
HD61105 45 45,000 (o]
HD61830 40 40,000 0
HD618308B 40 40,000 0
HD63645 32 32,000 0
HD64645 32 32,000 [0]
HD61602 38 38,000 0
HD61603 32 32,000 0
HD61604 32 32,000 (]
HD61605 32 32,000 0
HD66840 45 45,000 0
 Table 2 Test Result 2
) Sample Component
Test Item Test Condition Size Hour Failure
High temp, storage Ta=150°C, 1000 h 180 180,000 0
Low temp, storage Ta=-55°C, 1000 h 140 140,000 0
Steady state humidity 65°C, 95% RH, 1000 h 860 860,000 1%
Steady state humidity, biased 85°C, 90% RH, 1000 h 165 170,000 2*
Pressure cooker 121°C, 2 atm.100 h 200 20,000 (0]
Note: *Aluminum corrosion
HITACHI
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Table 3 Test Results 3

Test Items Test Condition Sample Size Failure
Thermal shock 0 to 100°C .108 (o]

10 cycles
Temperature cycling -565°C to 150°C 678 [o]

10 cycles
Soldering heat 260°C, 10 seconds 283 0
Resistance to VPS 215°C, 30 seconds 88 (o]
Solderability 230°C, 5 seconds 140 0

4. Quality Data from Field Use

Field failure rate is estimated in advance
through production process evaluation and
reliability tests. Past field data on similar
devices provides the basis for this estimation.
Quality information from the users is indis-
pensable to the improvement of product

cquality. Therefore, field data on products
delivered to the users is followed up carefully.
On the basis of information furnished by the
user, failure analysis is conducted and the
results are quickly fed back to the design and
production divisions.

Failure analysis results on MOS LSIs returned
to Hitachi is shown in figure 3.

excessive
voltage
and/or
current
(26.7%)

Good
devices
(38.8%)

Sample
size
3,873

Others

13.8% 14.5%

Damaged by

Marginal

Poor functional
test pattern
(3.1%)

Figure 3 Failure Analysis Result
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5. Precautions
5.1 Storage

It is preferable to store semiconductor
devices in the following ways to prevent
deterioration in their electrical characteris-
tics, solderability, and appearance, or break-
age.

1. Store in an ambient temperature of 5 to 30‘
C, and in a relative humidity of 40 to 60%.

2. Store in a clean air environment, free from
dust and reactive gas.

3. Store in a container that does not induce
static electricity.

4. Store without any physical load.

5. If semiconductor devices are stored for a
long time, store them in unfabricated form.
If their lead wires wires are formed
beforehand, bent parts may corrode dur-
ing storage.

6. If the chips are unsealed, store them in a
cool, dry, dark, and dustless place.
Assemble them within & days after
unpacking. Storage in nitrogen gas is
desirable. They can be stored for 20 days
or less in dry nitrogen gas with a dew
point at -30°C or lower. Unpackaged
devices must not be stored for over 3
months.

7. Take care not to allow condensation dur-
ing storage due to rapid temperature
changes.

5.2 Transportation
As with storage methods, general precau-

tions for other electronic component parts are
applicable to the transportation of semicon-

ductors, semiconductor-incorporating units’

and other similar systems. In addition, the

following considerations must be taken, too:

1. Use containers or jigs whch will not induce
static electricity as the result of vibration
during transportation. It is desirable to use
an electrically conductive container or
aluminium foil.

2. Prevent device breakage from clothes-in-

duced static electricity.

3. When transporting the printed circuit
boards on which semiconductor devices
are mounted, suitable preventive mea-
sures against static electricity induction
must be taken; for example, voltage built-
up is prevented by shorting terminal cir-
cuit. When a conveyor belt is used, prevent
the conveyor belt from being electricalfy
charged by applying some surface tpéat-
ment.

4. When transporting semiconductor devices
or printed circuit boards, minimize
mechanical vibration and shock:

5.3 Handling for Measurement

Avoid static electricity, noise, and surge
voltage when measuring semiconductor
devices are measured. It is possible to pre-
vent breakage by shorting their terminal
circuits to equalize electrical potential during
transportation. However, when the devices
are to be measured or mounted, their termi-
nals are left open providing the possibility
that they may be accidentally touched by a
worker, measuring instrument, work bench,
soldering iron, conveyor belt, etc. The device
will fail if it touches something that leaks
current or has a static charge. Take care not
to allow curve tracers, synchroscopes, pulse
generators, D.C. stabilizing power supply
units, etc. to leak current through their ter-
minals or housings.

Especially, while testing the devices, take
care not to apply surge voltage from the
tester, to attach a clamping circuit to the
tester, or not to apply any abnormal voltage
through a bad contact from a current source.
During measurement, avoid miswiring and
short-circuiting. When inspecting a printed
circuit board, make sure that there is no sol-
dering bridge or foreign matter before turn-
ing on the power switch.

Since these precautions depend upon the
types of semiconductor devices, contact
Hitachi for further details.
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Flat Plastic Package (QFP) Mounting Methods

Surface Mounting Package Han-
dling Precautions

1. Package temperature distribution

The most common method used for mounting
a surface mounting device is infrared reflow.
Since the package is made of a black epoxy
resin, the portion of the package directly
exposed to the infrared heat source will
absorb heat faster and thus rise in tempera-
ture more quickly than other parts of the
package unless precautions are taken. As
shown in the example in figure 1, the surface
directly facing the infrared heat source is 20°
to 30°C higher than the leads being soldered
and 40° to 50°C higher than the bottom of the
package. If soldering is performed under
these conditions, package cracks may occur.

To avoid this type of problem, it is recom-
mended that an aluminum infrared heat
shield be placed over the resin surface of the
package. By using a 2-mm thick aluminum
heat shield, the top and bottom surfaces of
the resin can be held to 175°C when the peak
temperature of the leads is 240°C.

2. Package moisture absorption

The epoxy resin used in plastic packages will
absorb moisture if stored in a high-humidity
environment. If this moisture absorption
becomes excessive, there will be sudden
vaporization during soldering, causing the
interface of the resin and lead frame to
spread apart. In extreme cases, package
cracks will occur. Therefore, especially for
thin packages, it is important that moisture-
proof storage be used.

To remove any moisture absorbed during
transportation, storage, or handling, it is
recommended that the package be baked at
125°C for 16 to 24 hours before soldering.

3. Heating and cooling

One method of soldering electrical parts is
the solder dip method, but compared to the
reflow method, the rate of heat transmission
is an order of magnitude higher. When this

method is used with plastic items, there is
thermal shock resulting in package cracks
and a deterioration of moisture-resistant
characteristics. Thus, it is recommended that
the solder dip method not be used.

Even with the reflow method, an excessive
rate of heating or cooling is undesirable. A
rate in temperature change of less than 4°C/
sec is recommended.

4. Package contaminants

It is recommended that a resin-based flux be
used during soldering. Acid-based fluxes
have a tendency of leaving an acid residue
which adversely affects product reliability.
Thus, acid-based fluxes should not be used.
With resin-based fluxes as well, if a residue is
left behind, the leads and other package
parts will begin to corrode. Thus, the flux
must be thoroughly washed away. If cleans-
ing solvents used to wash away the flux are
left on the package for an extended period of
time, package markings may fade, so care
must be taken.

The precautions mentioned above are gen-
eral points to be observed for reflow. How-
ever, specific reflow conditions will depend
on such factors as the package shape, printed
circuit board type, reflow method, and device
type. For reference purposes, an example of
reflow conditions for a QFP infrared reflow
furnace is given in figure 2. The values given
in the figure refer to the temperature of the
package resin, but the leads must also be
limited to a maximum of 260°C for 10 seconds
or less. .

Of the reflow methods, infrared reflow is the
most common. In addition, there is also the
paper phase reflow method. The recom-
mended conditions for a paper phase reflow
furnace are given in figure 3.

For details on surface mounting small thin
packages, please consult the separate man-
ual available on mounting. If there are any
additional questions, please contact Hitachi,
Ltd.
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Flat Plastic Package (QFP) Mounting Methods

‘temperature

150~190°C
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Figure1 Temperature l?rofile During
Infrared Heat Soldering
(Example)

140~160°C
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Figure 2 Recommended Reflow
Conditions for QFP
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Flat Plastic Package (QFP) Mounting Methods

Soldering iron method ' Reflow method Reflow method
(Spare solder) (Solder paste)
Board Board Board

Solder ; ; Solder paste ; ;

Flux i Spare solder l Spare Printing

solder
parts

Solder

)

Soldering
~260°C R
i Tack
(10 seconds) Flux applying acking
Tacking X
Preheating
| Washing l 100 to 150°C
(20 seconds)
) Preheating
(Resin coating) 100 to 150°C
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Reflow
235°C
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Reflow
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Figure 4 Recommended Paper Phase Reflow Conditions
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Liquid Crystal Driving Methods

Driving a liquid crystal at direct current trig-
gers an electrode reaction inside the liquid
cell, degrading display quality rapidly. The
liquid crystal must be driven by alternating
current. The AC driving method includes the
static driving method and the multiplex driv-
ing method, each of which has features for
different applications. Hitachi has developed
different L.CD driver devices corresponding to
the static driving method and the multiplex
driving method. The following sections
describe the features of each driving method,”
the driving waveforms, and how to apply
bias.

1. Static Driving Method

Figure 1 shows the driving waveforms of the
static driving method and an example in
which “4” is displayed by the segment
method. The static driving method is the
most basic method by which good display
quality can be obtained. However, it is not
suitable for liquid displays with many seg-
ments because one liquid crystal driver cir-
cuit is required per segment.

The static driving method uses the frame
frequency (1/ts) of several tens to several
hundreds Hz.

Liquid Crystal Display
and Terminal Connection

T Voo
COM, . ! Vi
COM, :. :
SEGi— — — F — M Ve
SEGn+7 v
— = 2y,
SEGn+s P
' |
SEGq+s F—' 1 r /M M rVDD
SEGu1=—d 4 L4 LJ LJ LJ L Vs
]
- |_ |— _ __ — \/3
COMo—SEGu+1 ov
Selected waveform
] L L J J - -V,
L
1 frame
t
COMo—SEGn+1 ov

Non-selected waveform

Figure 1 Example of Static Drive Waveforms (Example of HD61602/HD61603)
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Liquid Crystal Driving Methods

2. Multiplex Driving Method

The multiplex driving method is effective in
reducing the number of driver circuits, the
nnumber of connections between the circuit
and the display cell, and the cost when driv-
ing many display picture elements. Figure 2
shows a comparision of the static drive with
the multiplex drive (1/3 duty cycle) in an 8-
dight numeric display. The number of liquid
crystal driver circuits required is 65 for the
former and 27 for the latter. The multiplex

drive reduces the number of driver circuits.
However, greater multiplexing reduces the
driving voltage tolerance. Thus, there are
limits to the extent of multiplexing.

There are two types of multiplex drive
waveforms: A type and B type. A type, shown
in figure 3, is used for alternation in 1 frame. B
type is used for alternation in between 2
frames (figure 4). B type has better display
quality than A type in high multiplex drive.

Static driving

method Common----

Multiplex driving
method
(1/3 duty cycle)

1f 1a 1b1g2f2a 2b2g

----------------- -
5
h y
Se S22 Sa23 24

Common-segment

b———————
+ 1 frame !

Common | )

Segment

Common-segment

| —

' 1 frame

o

Figure 3 A Type Waveforms
(1/3 duty cycle, 1/3 bias)

Figure 4 B Type Waveforms

(1/3 duty cycle, 1/3 bias)
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Liquid Crystal Driving Methods

2.1. 1/2 Bias, 1/2 Duty Drive ple of the connection to display ‘4’ on a liquid
crystal display of 7-segment type, and the
In the 1/2 duty drive method, 1 driver circuit output waveforms.

drives 2 segments. Figure 5 shows an exam-

Liquid Crystal Display i ' '
and Terminal Connection ; E ; Voo
COMOWU— "2
E . E V2
oo
coMm, H : 1
s | Voo
| Vi
COoMm, ' 1 Va
! | H
COM, ! X ;
\ i I
oo
E — l_ Voo
' ' ]
] 1 [}
] 1
SEGy—ro . i L vV,
i i :
1 ' b
i ! ‘
1 1 !
A
) 1 H
' : H
N ]
SEGn+1 E ! ; Voo
)
g 3 i I l—
b S g 9 vl Va
& & B ! o
oo
1 1 :
n=°' g, ceeeeeee , 11 : Vz
= s |_l Vi
COMo—SEG, ; : H ov
(Selected waveform) _LJ ! E _l_l -V,
- M
: b
i ! 1
: 1 H
t 1 1]
5 1 Vi
' ov
COMo—SEGp.1 S v,
(Non-selected waveform) —ed 3
h ]
1 frame

Figure 5 Example of Waveforms in 1/2 Duty Cycle Drive (B type) (Example of
HD61602)
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Liquid Crystal Driving Methods

2.2 1/3 Bias, 1/3 Duty Cycle Drive shows an example of the connection to dis-
play ‘4’ on a liquid crystal display of 7-seg-
In the 1/3 duty cycle drive, 3 segments are ment type, and the output waveforms.

driven by 1 segment output driver. Figure 6

Liquid Crystal Display
and Terminal Connection

COM, Ccom,

com,

COM,
COM,

|
[l
[l
1
|
|
|
'
|
|
U
[l

SEG, : .
' " V2
oL
] ] :
SEGayy— | ! : Voo
' 1 ' v,
: i ' V2
i i ' V3
SEGh+2 —— ‘ Voo
Vi
Va2
1 1 V3
f : E
n=0, 1, eeeeee .16 ! V3
L[]~
Vi
ov
COM,—SEG, ., -Vy
(Selected waveform) E | E -V,
i 1 —V3
5 | 5
h , vi
ov
COM,—-SEG, -V
(Non-selected waveform) te—mi

1 frame

Figure 6 Example of Waveforms in 1/3 Duty Cycle Drive (B type) (Example of
HD61602)
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Liquid Crystal Driving Methods

2.3 1/3 Bias, 1/4 Duty Cycle Drive shows an example of the connection to dis-
play ‘4’ on a liquid crystal display of 7-seg-
In the 1/4 duty cucle drive, 4 segments are ment type, and the output waveforms.

driven by 1 segment output driver. Figure 7

COM;

i :
| Voo
COM, i _.J I Vv,
Liquid Crystal Display 5 \ E V,
and Terminal Connection ; l E Vs
1 ] '
| : .
H 1 ! Do
COM; COM|—L_|— ; ——-LJ 2
' L—[— V,
: i .

.

com,

>DT3
am

@ —como

SEG,

SEGn+1
!
i
SEG, SEGh+1 H H i
| ] :
: ' !
N=0, 1, oo 24 : ;o Vs
! I £
H i Vy
1 1
COM3—SEG, : — 0V
(Selected waveform) }

I

1
L
&<

— Vi
COM,—SEG, _-I [_ ov

(Non-selected waveform) L_ _I -V

i 1 frame
———— -

'
i
'
]
]
Ll

Figure 7 Example of Waveforms in 1/4 Duty Cycle Drive (B type) (Example of
HD61602)
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Liquid Crystal Driving Methods

2.4 1/4 Bias, 1/8 Duty Cycle Drive

Vee | 1] 2] 3 |4 fo |8 |1 ]2
vy — i
T
COM; Va(Vs) —+ )
Liquid Crystal Display Va s
Vs
| i
CoM: N} v :
"
com; — I I
COM;, Va(V3)
com, — RO ©" "7
cov, — I ] v 1
covs 1L i : |
cov, — O Vec
COM7 V1
COMg SEG; Va(Vs) ————
A\ +
Vs i
- a0 ¢ 0 |
[CNGINGRORG] ! :
bhho o Vee
Vi
SEG, V2(V3)
Va
Vs
1
Vico :
V; =Vec—aVico 1
V5(V3) =Vee =¥ Vico i i o
Vs =Vec—%Vico WV, ] !
“Vico —
Vs =Vec—Vico - ] !
1
- YaVieo I --
COM,; —SEG,
(Selected waveform)
—Vico
* Example of LCD 1I. ! i
V, is same voltage as V. H .
I
Y%Vico : L
YaVico T r
COM,—SEG, : ?
(Non-selected waveform) — % Vico - |
- %Vico % i
L T
t—————— 1 frame !

'Figure 8 ' Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of LCD-
II)
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~ Liquid Crystal Driving Methods

2.5 1/5 Bias, 1/8 Duty Cycle Drive

1 O
2-@O0CH
3-0O000
e
4 .*.§0’ ‘.
Common § .Q.’ PO
6-04 OO 1/8 duty,
7 1/5 bias
9909
8-O000
1
Segment
Common 1 J I
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8
8 ¢
Segment 1
L Segment 2
V;
Vel ’
6
" Common 1 Vi
Vs V2
Ve
Common 2 Vi
1]
£
S
E V4 V2
2
< Segment 1 Vi V,
a
2
B <
]
174
<
° Between segment 1
T
5 and common 1
o .
S (Display off)
I 1 frame L
Between segment 1
and common 2
(Display on)
N

Figure 9 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of
HD44100H)

HITACHI
Hitachi America, Ltd. * Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 69




Liquid Crystal Driving Methods

2.6 1/5 Bias, 1/16 Duty Cycle Drive

|1lz|3|4| ------- |16|1|
Vee — ;
Liquid Crystal Display ¥1 : ;
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Figure 10 Example of Waveforms in 1/16 Duty Cycle Drive (A type) (Example of LCD-
1I)
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Liquid Crystal Driving Methods

2.7 1/5 Bias, 1/32 Duty Cycle Drive
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Figure 11 Example of Waveforms in 1/32 Duty Cycle Drive (Example of HD44102CH,
HD44103CH)
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Liquid Crystal Driving Methods

3. Power Supply Circuit for Liquid
Crystal Drive

Table 1 shows the relationship between the
number of driving biases and display duty
cycle ratios.

3.1 Resistive Dividing

Driving bias is generally generated by a
rezistive divider (figure 12).

The resistance value settings are determined

by considering operating margin and power
consumption. Since the liquid crystal display
load is capacitive, the drive waveform itself is
distorted due to charge/discharge current
when the liquid crystal display drive
waveform is applied. To reduce distortion, the
resistance value should be decreased but this
increases the power consumption because of
the increase of the current through the divid-
ing resistors. Since larger liquid crystal dis-
play panels have larger capacitance,the
resistance value must be decreased propor-
tionally.

Table 1 Relationship between the Number of Display Duty Cycle Ratio and the

Number of Driving Biases

Display
duty ratio Static 1/2 1/3 1/4 1/7 1/8 1/111/121/14 1/16 1/24 1/32 1/64
Number of 2 3 4 4 5 5 5 6 6 6 6 6
driving biases (1/2 bias) (1/3 bias) (1/4 bias) (1/5 bias)
Vec(+5V) Vee(+5V)
Vee { Vee 4
SR 2R
Vi Vi
3R $R
V2 h V2
3_1' Vieo 3R Vieo
Vi L Vs
3R iR
Va Va
$R £R
Vs Vs
2R AR
-5V -5V
1/4 Bias (1/8, 1/11 duty cycle) 1/5 Bias (1/16 duty cycle)

Figure 12 Example of Driving Voltage Supply
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Liquid Crystal Driving Methods

It is efficient to connect a capacitor to the
resistors in parallel as shown in figure 13 in
order to improve charge/discharge distortion.
However, the effect is limited. Even if it is
attempted to reduce the power consumption
with a large resistor and improve waveform
distortion with a large capacitor, a level shift
occurs and the operating margin is not im-
proved.

Since the liquid crystal display load is in a
matrix configuration, the path of the charge/
discharge current through the load is com-

plicated. Moreover, it varies depending on
display condition. Thus, a value of resistance
cannot be simply determined from the load
capacitance of liquid crystal display. It must
be experimentally determined according to
the demand for the power consumption of
the equipment in which the liquid crystal
display is incorporated.

Generally, R is 1 kQ to 10 kQ, and VR is 5kQ to
50 k. No capacitor is required. A capacitor of
0.1 uF is usually used if necessary.

Vee(+5V)

C
Cc
C

C

MW~

P
AMA
My

A
L o

C
C
Cc
C

&
VR ¥

-5V

ommon/segment selected high level
ommon non-selected high level

Segment non-selected high level
[

Segment non-selected low level

ommon non-selected low level

ommon/segment selected low level

For contrast adjustment

Without C

Large C and R cause
a level shift.

Figure 13 Example of Capacitor Connection for Improvement of Liquid Crystal
Display Drive Waveform Distortion (1/5 bias) (Example of LCD-II)
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Liquid Crystal Driving Methods

3.2 Drive by Operational Amplifier

In graphic displays, the size of the liquid
crystal becomes larger and the display duty
ratio becomes smaller, so the stability of lig-
uid crystal drive level is more important than
in small display system.

Since the liquid crystal for graphic displays is
large and has many picture elements, the
load capacitance becomes large. The high
impedance of the power supply for liquid
crystal drive produces distortion in the drive
waveforms, and degcades disiplay quality.
For this reason, the liquid crystal drive level
impedance should be reduced with opera-
tional amplifiers. Figure 14 shows an example
of an operational amplifier configuration.

No load current flows through the dividing
resistors because of the high input impedan-
ce of the operational amplifiers. A high resis-
tance of R = 10 kQ and VR = 50 kQ can be
used.

3.3 Generation of Liquid Crystal Drive
Levels in LSI

The power supply circuit for liquid crystal

drive level may be incorporated in the LSI,
such as one for a portable calculator with
liquid crystal display.

HD61602, HD61603 for small display systems
has a built-in power suply circuit for liquid
crystal drive levels.

3.4 Precaution on Power Supply Circuits

The LCD driver LSI has two types of power
supplies: the one for logical circuits and the
other for the liquid crystal display drive cir-
cuit. The power supply system is complicated
because of several liquid crystal drive levels.
For this reason, in the power supply design,
take care not to deviate from the voltage
range assured in the maximum rating at the
rise of power supply and from the potential
sequence of each power supply. If the input
terminal level is indefinite, through current
flows and the power consumption increases
because of the use of CMOS process in the
LCD driver.

Simultaneously, the potential sequence of
each power supply becomes wrong, which
may cause latch-up.

( +5V)Vee ]
R $
R 3
RS
R
o
VR 3 Contrast
adjustment
(=5 V) Vee

Common/segment selected high level

}——>—+ Common non-selected high level
+——1>—1 Segment non-selected high level
'-L——-D— Segment non-selected low level

+ Common selected low level
——D— Common/segment selected low level

For liquid crystal drive logic circuits

—D“ Operational amplifier voltage follower

Figure 14 Drive by Operational Amplifier (1/5 bias)

HITACHI
74 Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300



LCD CONTROLLER/DRIVER LSI DATA BOOK

DATA SHEETS

Section Three

General Type
LCD Driver

HITACHI







HD44100H
(LCD Driver with 40-Channel Outputs)

Description Pin Arrangement

The HD44100H has two sets of 20-bit bidir-
ectional shift registers, 20 data latch flipflops
and 20 liquid crystal display driver circuits. It
receives serial display data from a display
control LSI, converts it into parallel data and
supplies liquid crystal display waveforms to
the liquid crystal.

The HD44100H is a highly general liquid
crystal display driver which can drive a static
drive liquid crystal and a dynamic drive liquid
crystal, and can be applied as a common
driver or segment driver.

Features

® Liquid crystal display driver with serial/
parallel conversion function

® Serial transfer facilitates board design

® Capable of interfacing to liquid crystal (Top View)
display controllers: HD43160AH, LCTC
(HD61830), LCD II(HD44780),
LCDIHI(HD44790).

® 40 internal liquid crystal display drivers

® Internal serial/parallel conversion cir-
cuits:
—20-bit shift register X 2
—20-bit shift latch X 2

o Display bias: Static to 1/6

® Power supply:
—Internal logic: + 5§ V
—Liquid crystal display driver circuit:

’ -5V

® Separation of internal logic from liquid
crystal display driver circuit increases
applicable controllers and liquid crystal
types

® CMOS process

® 60-pin flat plastic package
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HD44100H

Block Diagram

Y1 Y20
V1, V2 r :
V3, V4 ] LCD Drivers ]
Latch signal r {}
L i 20-bit latch Shift
direction
DL1 Data {? § Data SHL1
cL2 - Shift signal ] 20-bit bidirectional shift register }—_. DR1
Switching circuit
Data
DL2 < 20-bit bidirectional shift register ]..——__.__. DR2
FCS Data ! | ¥ SHL2
= Shift
‘&_J_{ 20-bit latch direction
M D Switching circuit ! !
Vi, v2 LCD Drivers J
V5, V6 -

Y21 Yao

Absolute Maximum Ratings

Item Symbol Value Unit
Supply Logic Vee*! - 03t0o+7.0 v
voltage LCD drivers Vee*2 Vce — 13.5t0 Ve +0.3 \
Input voltage Vi *1 - 0.3toVcc +0.3 v
Input voltage Vro*3 Vcec + 0.3 to Vge — 0.3 \"
Operating temperature Topr —20to + 75 °C
Storage temperature Tetg - 55t0 + 125 °C

Notes: *1 All voltage values are referred to GND.
*2 Connect a protection resistor of 220 Q = 5 % to Vee power supply in series.
*3 Applies to Vito Vs.
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HD44100H

Electrical

Characteristics

(Vecc=65V*10%, Vee = -5V +10%, GND = 0V, Ta = — 20 to + 75°C)

Item Symbol Applicable Terminals Min Typ Max Unit Test Condition
Input voltage Vjy CL1, CL2, DL1, DL2, 0.7 Vec — Vee \"/
DR1, DR2, M, SHL1,
ViL SHL2, FCS 0 — 03Vee V
Output voltage Vo DL1, DL2, DR1, DR2 V¢ - 0.4— — \ lon = — 0.4 mA
Vou - — 0.4 Vv loo = + 0.4 mA
Vi-Yj voltage  \pp, *1 — - 11 v lon = 0.1 mA for one of Yj
descending — — 15V Iy=005mAforeachY
Input leakage I CL1, CL2, DL1, DL2, -50 — 5.0 uA  Vin = 0 to Vce
current DR1, DR2, M, SHL1,
SHL2, FCS, NC
Vi leakage [} *3 -10.0 — 10.0 #A Vi, = Ve to Vee
current
Power supply Icc *2 - — 1.0 mA  fc2 = 400 kHz
current ““—‘—IEE _ — 10 WA fos = 1 kHz
Notes: *1 Vi-Yj (Vi = 1 to 6, j = 1 to 40) equivalent circuit
Vimﬁ R1 = 1 kQ max
Tower bata’ R2 = 10 kQ max.

*2

*3

switch switch

Input/output current is excluded; when

level must be fixed at high or low.
Output Y1 to Y40 open.

input is at the intermediate level with CMOS,
excessive current flows through the input circuit to the power supply. To avoid this, input
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HD44100H

Timing Characteristics

(Vecc =5V *10%,Vee = —5V *10%, GND = 0V, Ta = — 20 to + 75°C)

Item Symbol Applicable Terminals Min Typ Max Unit Test Condition
Data shift foL CL2 - — 400 kHz
frequency
Clock high level town CL1, CL2 800 — - ns
width Low level tew CL2 800 — - ns
Data set-up time tgy DL1, DL2, DR1, DR2, 300 — — ns
FLM
Clock set-up time tg_ CL1, CL2 500 — — ns (CL2—-CL1)
Clock set-up time tg CL1, CL2 500 — — ns (CL1—-CL2)
Data delay time tod DL1, DL2, DR1, DR2 —_ - 500 ns CL = 15 pF
Clock rise/fall time tg, CL1, CL2 — — 200 ns
Data hold time ton - DL1, DL2, DR1, DRZ, 300 nd . ns
FLM
{ \ / Vi)
VIH §
t
CcL2 viL X CWL /
tet towH l—tct
13.):] |
Viu
Data in v t sU-+| tsL
(OL1, DL2, DR1, DR2) L /
le—1 pd )
Von
Data out VoL tis
(DL1, DL2, DR1, DR2)
/ trs—
cL1 Vi \
ViL
tet tcwr ter
VIH
FLM t su*
ViL

80

Figure1 Timing Waveform
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HD44100H

Terminal Function
Table 1 Functional Description of Terminals

Signal Number Input/
Name of Lines Output Connected to Function
Vee 1 power supply Power supply for logical circuit
GND 1 Power supply ov
Vee 1 Power supply Power supply for liquid crystal display drive
Y1—Y20 20 Output  Liquid crystal Liquid crystal driver output (Channel 1)
Y21—Yao 20 Output  Liquid crystal Liquid crystal driver output (Channel 2)
Vi, V2 2 Input Power supply Power supply for’ )quuid crystal display drive (Select level)
V3, Vs 2 Input Power supply Power supply for liquid crystal display drive (Non-select
level for channel 1)
Vs, Ve 2 Input Power supply Power supply for liquid crystal display drive (Non-select
level for channel 2)
SHL1 1 Input Vcc or GND Selection of the shift direction of channel 1 shift register
SHL1 | DL1 | DR1
Vee Out In
GND In Out
SHL2 1 Input Vce or GND Selection of the shift direction of channel 2 shift register
SHL2 | DL2 | DR2
Vce Out In
GND In Out
DL1, DR1 2 Input/  Controller Data input/output of channel 1 shift register
output or HD44100H
DL2, DR2 2 Input/  Controller Data input/output of channel 2 shift register
output or HD44100H
M 1 Input Controller Alternated signal for liquid crystal driver output
CL1 1 Input Controller Latch signal for channel 1 (T 1L_) *1
Used for channel 2 when FCS is GND
CL2 1 Input Controller Shift signal for channel 1 (~ 1_) =*1
Used for channel 2 when FCS is GND
FCS 1 Input Vcc or GND Mode select signal of channel 2. FCS signal exchanges the
latch signal and the shift signal of channel 2 and inverts M
for channel 2. Thus, this signal exchanges the function of
channel 2. .
Channel 2
FCS Level | Latch signal | Shift signal | M Polarity | Function
Vee cL2 _f|cu1 _1 ™M For common drive
GND cLt —l_|CL2 Tl _ M For segment drive
*1 *1 *2
NC 1 Don’t connect any wires to this terminal.
Notes: *1 __f and ~_ indicate the latches at rise and fall times, respectively.

*2 The output level relationship between channel 1 and channel 2 based on the FCS signal
level is as follows:
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HD44100H

Output Level

FCS Data M Channel 1 (Y1—Y20) Channel 2 (Y21—Yao)

1 1 Vi V2
Vee (Select) (o] Vo Vi
(1) 0 1 V3 Ve

(Non-select) o Va Vs

1 1 Vi Vi
GND (Select) (o} Va V2
(0) 0 1 V3 Vs

(Non-select) (o] Vs Ve

1 and O indicate high and low levels, respectively.
Applications
Segment Driver case, both channel 1 and channel 2 shift data
at the fall of CL2 and latch it at the fall of CLI.
When the HD44100H is used as a segment V3 and Vs, V4 and Vg of the liquid crystal
driver, FCS is set to GND to transfer display display driver power supply are short-cir-
data with the timing shown in figure 2. In this cuited, respectively.
7 8 1 2 3 4 5 6 7 8 1 2

(FLM)

M S I

e | L1 R T N
Output of :
e ) S G (D G (I G G G G

Enlarged view

—————

M
cL Latch

Shift I
ez RMAIAMA YT YUY
p2rore — X T OO

Figure 2 Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle)
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HD44100H

Common Driver display data with the timing shown in figure
3

In this case, channel 1 is used as a segment In this case, channel 2 shifts data at the rise of
driver and channel 2 as common driver. CL1 and latches it at the rise of CL2. Channel
When channel 2 of HD44100H is used as 1 shifts and latches as shown in figure 2.
common driver, FCS is set to Vcc to transfer

87"1"12 3 4 65 6 7 8 1 2
DL2/DR2(FLM} 1

Shift
cu1 1 N N O N N O I O O
Y21 Non-select
(Yao) v Sel Iect' L
(\Yéz) H Non-select ect
to 1 Gelect T mm———e
\ge f' 1 Select Non-select ‘"T-—l Select
(¥aa) I Select Select

]

[}
Enlarged view \

\
DL2/DR2(FLM) ™~ | 1
" Shift

1
CL1 1 M

Tatch
CcL2 W“"W
Y21 -—
(Yao) A - Y

Figure 3 Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty
Cycle)
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HD44100H

Both Channel 1 and Channel 2 Used as
Common Drivers (FCS = GND)

When both of channel 1 and channel 2 of
HD44100H are used common drivers, FCS is
set to GND and the signals (CL1, CL2, FLM)
from the controller are connected as shown in
figure 4. :
In this case, connection of the liquid crystal
display driver power supply is different from
that of segment driver, so refer to figure 4.

® Vi, Vz Select level of segment and com-

mon
® Vj;, Vi Non-select level of segment
® Vs, Ve Non-select level of common

Static Drive

When the HD44100H is used in the static
drive method (figure 5), data is transferred at

the fall of CL2 and latched at the fall of CL1.
The frequency of CL1 becomes the frame
frequency of the liquid crystal display driver.
The signal applied terminal M must have
twice the frequency of CL1 and be synchron-
ized at the fall of CL1. The power supply for
liquid crystal display driver is used by short-
circuiting Vi, V4 and Vs, and V3, V3, and Vs
respectively.

One of the liquid crystal display driver output
terminals can be used for a common output.
In this case, FCS is set to GND and data is
transferred so that 0 can be always latched in
the latch corresponding to the liquid crystal
display driver output terminal used as the
common output. If the latch signal corre-
sponding to the segment output is 1, the
segments of LCD light. They also light for
common side = 1, and segment side 0.

[11¥

cL1 "=y
cL2 O =
CcL2 EU “5e Y1—Yao
FLM
Controller DL1 Common LCcD
DR1 4y
(HD43160AH) [j L2 driver
DR2 5$55s
Yi—Yao0 Y1—Yao
HD44100H HD44100H
Segment Segment
\%3 driver driver
e u sssses] | ssesss
&8 Va
£2 l JEEER JEEER
g5, } ! 111 113
o 8 A\
238 v
af8sg5

Figure 4 Connection When Both Channels Are Common Drivers
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HD44100H

First  Second Tenth
figure figure — — —— o ____ figure
i ! | ()
COM signal
= = (|
¢
CMOSs
inverter m SEG,—SEGao ‘l/“h SEG41—SEGgo
J— DLy Y1—Yao DR j DL, Y1—Yao DR, :l
D — FCS DL, | — FCS DL,
p— SHL, HD44100H DR, +— SHL, HD44100H DR,
L SHL, . Ve~ HSHL Ver L_
- o - - o - - -
8 oss>325F S 0S5 55F
CL4 l l
CL,
M
vl-l.
GND

Figure 5 Static Drive Connection
Timing Chart of Input Waveforms

1 2 3 78 79 80

CLz___r_LI—LJ—L ...... m (shift Clock)
DEDE - TXEXENC S
ch J—l_ (Latch Clock)

Notes:

1. Input square waves of 50% duty cycle (about this, have CL1 fall synchronously with the
30—500 Hz) to M. The frequency depends one edge of M.
on the specifications of LCD panels. 3. In this example, the CMOS inverter is used as

2. The drive waveforms corresponding to the a COM signal driver in consideration of the
new displayed data are output at the fall of large display area. (The load capacitance on
CL1. Therefore, when the alternating signal COM is large because it is common to all the
M and CL1 do not fall synchronously, DC displayed segments.)
elements are produced on the LCD drive Usually, one of the HD44100H outputs can
waveforms. These DC elements may shorten be used as a COM signal. The displayed data
the life span of the LCD, if the displayed data - corresponding to the terminal should be O in
frequently changes (e.g. display of hours, that case.

minutes, and seconds of a clock). To avoid
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HD44100H

com -39 40

LCD

_
Vi Y2—Yao D;:>< X _____ Y3 X Yz >\ Y /C

SHL4 2 v J
—;7- Data transformed Data O corresponding to
HD44100H to Yz to Yao Y, (COM signal)
CLy
HITACHI
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HD66100F
(LCD Driver with 80-Channel Outputs)

The HD66100 description segment driver Pin Arrangement
with 80 LCD drive circuits is the improved
version of the no longer current HD44100H
LCD driver with 40 circuits.

It is composed of a shift register, an 80-bit FHREBRIRAIFIIIIIIIIE
latch circuit, and 80 LCD drive circuits. Its FERNERRREARNRRENRNNY
interface is compatible with the HD44100H. el i w
It reduces the number of LSI's and lowers the valJ: Yor
cost of an LCD module. NS ] Ve
Yas[Je Yso
Yaua [ }7 Yo7
Y23 [ Je Yse
Y22 e Yso
. Yar [ w0 Yoo
Yao [ n Yo
Features et e
Yir L ]re 67 ] Yes
® LCD driver with serial/parallel converting e o 2 Mo
function Y v [ ] Ver
® Interface compatible with the HD44100H; M o 2 Vo
connectable with HD43160AH, HD61830, Yu Lo 13 ¥s0
HD61830B, LCD-l (HD44780), LCD-1l H b
(HD44790) =g e
e Internal output circuits for LCD drive: 80 Yo s wEve
® Internal serial/parallel converting cir- Me o o N
cuits: Ya [ e v
—80-bit bidirectional shift register v b
J— -bi i i IREREREEEEEEEEEEEEEEEN]
o Pows supply SaELESsesnsntRERssss
—Internal logic circuit: +5 V +10% >7777gg=g0 627252222

—LCD drive circuit: 3.0 Vto 6.0 V (FP-80A)
® CMOS process
® 100-pin plastic QFP (FP-100)

Comparison with HD44100H

Table 1 shows the main differences between
HD66100 and HD44100H.

(Top View)

Table 1 Comparison of HD66100 and
HD44100H

HD66100 HD44100H
LCD Drive Outputs 80X 1 Channel 20x 2 channels

Supply Voltage 3to6V 45011V
for LCD Drive

Circuits

Multiplexing Static to 1/16 static to 1/32
Duty Ratio duty duty

Package 100-pin flat 60-pin flat

plastic package plastic package

HITACHI
Hitachi America, Ltd. * Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 87




HD66100F

Pin Description

Vcc, GND, Vgg: Vcc supplies power to the
internal logic circuit. GND is the logic and
drive ground. Vgg supplies power to the LCD
drive circuit.

Vi1, Vo, V3, and Vg Vi to Vi supply power for
driving an LCD (figure 2).

CL1: HD66100 latches data at the negative
edge of CL1.

CL2: HD66100 receives shift data at the neg-
ative edge of CL2.

M: Changes LCD drive outputs to AC.

DI: Inputs data to the shift register.
DO: Output data from the shift register.

SHL: Selects a shift direction of serial data.
When the serial data is input in order of Dy, D2,
..., D79, Dgo, the relation between the data and
the output Y is shown in table 3.

Y1-Yso: Each Y outputs one of the four voltage
levels-Vy, V2, V3, or Vs-according to the com-
bination of M and display data (figure 2).

NC: Do not connect any wire to these termi-
nals.

Table 2 Pin Function Table 3 Relation Between SHL and
. Data Output

Symbol Pin No. Pin Name 1/0

Vee 46 Vee - SHL Y Y2 Y3...... Y79 Ysgo

GND 36 Ground - High D1 D2 D3.... D79 D8O

Vee 31 Vee -

Vi 32 Vi . - Low D80 D79 D78..... D2 D1

V. 33 Va -

\) 34 V3 -

Va 35 Vs -

cL1 37 Clock 1 |

CL2 40 Clock 2 I _J—‘——l__l—_

M 44 M | M 0

DI 41 Date In |

DO 42 Date Out (0] 1 1

SHL 39 Shift Left 1 D —J——l CJ Lol

Y;-Ygo 1-30,51-100 Y1-Ygo [0} Y output | | | — I

NC  38,43,45,47-50 No Connection  — level Vi Vs V2 Va

When used as a common driver

Figure 1 Selection of LCD Drive Output

Vi

— Vs

Vi, V,: Selected level
V3, V4: Non-selected level

Va

vV,

Figure 2 Power Supply for Driving an LCD
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HD66100F

Block Functions
LCD Drive Circuits

Select one of four levels of voltage V i, Vz, V3,
and V; for driving a LCD and transfer it to the
output terminals according to the combina-
tion of M and the data in the latch circuit.

Latch Circuit
Latches the data input from the bidirectional

shift register at the fall of CL1 and transfer its
outputs to the ,LCD drive circuits.

Bidirectional Shift Reigster

Shifts the serial data at the fall of CL2 and
transfers the output of each bit of the register
to the latch circuit. When SHL = GND, the
data input from DI shifts from bit 1 to bit 80 in
order of entry. On the other hand, when SHL
= Vcc, the data shifts from bit 80 to bit-1. In
both cases, the data of the last bit of the
register is latched to be output from DO at
the rise of CL2.

SHL =GND

Y1Y2

LCD drive outputs

® 6 0 000 0000 00000

Y79 Y80

o ——T]

Latch circuit I 791 auJ

® 5 0.0 0000009000 0

Yiy2

CL2 ————'.! ! | 2 !—-————— Shift register }791'“’}
DI —
DO

SHL= Vcc LCD drive outputs

® e 0 00 0 00 00000 o

Y79 Y80

e []

Latch circuit I?u] m]

® o e 0000000 0000 00

CLZ'__’__“ 1 ] 2 I_—__ Shift register _________I WIm]_,_

DI

DO *-——

Figure 3 Relation between SHL and the Shift Direction
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HD66100F

Y1Y2 LCD drive outputs Y79 YS0

© e 000 0000000000

11| LCD drive circuit To]ep——— Vi, Vs, Vi, Vs

(power supply for
e e e 0o ecee o000 LCD drive circuit)

(alternating signal)

II |2 I Level shifter ‘ lnlfw

® 00 e 000000000000

— Vee

cLi ! lz I Latch circuit In E —+4— GND
(latch clock)

e 6 0060000000000 Vee

DI E 1[2] Bidirectional shift register Inlsﬂ E - DO
(input data) S - G (output data)
o o
2 .

HE ki
CL2 SHL

(shift clock) (selects

a shift direction)

Figure 4 Block Diagram
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HD66100F

Primary Operations
Shifting Data

The input data DI shifts at the fall of CL2 and
the data delayed 80 bits by the shift register
is output from the DO terminal. The output of
DO changes synchronously with the rise of
CL2. This operation is completely unaffected
by the latch clock CL1.

Latching Data

The data of the shift register is latched at the

negative edge of the latch clock CL1. Thus,
the outputs Y;-Ygo change synchronously
with the fall of CL1.

Switching Data Shift Direction

When the shift direction switching signal
SHL is connected with GND, the data D80,
immediately before the negative edge of CL1,
is output from the output terminal Y;. When
SHL is connected with Vcc, it is output from
Yso.

Input data DI

Output data

Shift clock CL2 _J L—l I—J L—' l—J I—I I—

« XXX XX

Figure 5 Timing of Receiving and Outputting Data

Latch clock CL1 I l\

Shift clock CL2 l l I | ' |

Outputs  Y1- Y80 y

Figure 6 Timing of Latching Data
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HD66100F

SHL=GND
Shift clock
Input data
Latch elock  CL1 I I
Outputs to
Y80 X D
SHL = Ve
Y1 X D
Outputs to
Y80 X Dso

‘ Figure 7 SHL and Waveforms of Data Shift
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HD66100F

Absolute Maximum Ratings

Item Symbol Ratings Unit Note
Supply Logic Circuits Vee -0.3t0 +7.0 \" *1
Voltage

LCD Drive Circuits Vec—Vee -0.3t0 +7.0 \%
Input Voitage (1) Vry —-0.3 to Vcc + 0.3 v *1
Input Voltage (2) Vr2 Veec + 0.3 to Vee — 0.3 \" *2
Operation Temperature Topr +20to +75 ‘C
Storage Temperature Tetg —-551t0 +125 °C

*1 A reference point is GND (= 0 V)

*2 Applies to Vi —Va.

Note: If used beyond the absolute maximum ratings, LSls may be permanently destroyed. It is best to
use them at the electrical characteristics for normal operations. If they are not used at these
conditions, it may affect the reliability. of the device.

3
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HD66100F

Electrical Characteristics

DC Characteristics
(Vee = BV * 10%, Vec—Vee=3.0t0 6.0 V, GND = 0 V, T. = —20 to +75°C)

Item Symbol Terminals Min. Typ. Max. Unit Test condition Note

Input.High Voltage Vi CL1,CL2 0.8 X V¢ — Vee \
Input Low Voltage ViL M, DI, SHL O - 0.2 x VecV )
Output High Voltage Von DO Vec—0.4 — - \" lon = —0.4 mA
Output Low Voltage Vo, - - 0.4 v loo = +0.4 mA
On Resistance Roni1 - - 11 kQ lon = 0.1 mA to
Vi-Vj Y1-Ygo one Y terminal
Ron2 V1-Va - - 30 kQ fon = 0.05 mA to .
each Y terminal
Input Leakage Current | CL1,CL2, -5.0 - 5.0 rA Vin = OV to Vcc
M, DI, SHL
Vi Leakage Current vy Vi-Va -5.0 - 5.0 uA Output Y1-Ygo open
) Vin = Ve to Vee
* Current Dissipation lenp - - 2.0 mA  feo = 1.0 MHz *1
: lee - - 0.1 mA four = 2.5 kHz

*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, excessive
current flows from the power supply through the input circuit.
To avoid this, Vin and ViL must be fixed at Vcc and GND level respectively.

AC Characteristics
(Vec = 5V * 10%, Vcc—Vee = 3.0 to 6.0 V, GND = 0 V, T. = —20 to +75°C)

Item Symbol Terminals Min. Typ. Max. Unit Note
Data Shift Frequency  fgo CcL2 - - 1 MHz

Clock High level Width  tcwn CL1,CL2 450 - - ns

Clock Low level Width  tow CL2 450 - - ns

Data Set-Up Time fsu DI 100 - - ns

Clock Set-Up Time (1) tg CL2 200 - - ns *1
Clock Set-Up Time (2) 15 CL1 200 - - ns *2
Output Delay Time tod DO - - 250 ns *3
Data Hold Time toH ]} 100 - - ns

Clock Rise/Fall Time fer CL1,CL2 - - 50 ns

*1 Set-up time from the fall of CL2 to that of CL1.
*2 Set-up time from the fall CL1 to that of CL2.
*3 Test terminal

[ Cy, (Load capacitance on outputs) = 30pF
—— (Including jig capacitance)

7
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HD66100F

Vin ‘ ,\ tewe | Vin
CL2 Vi \—
tq tewn e tw
LoH |
DI Vi tsy tst
ViL
ipd
DO Vou
Vor
Vin \ tLs
cLt - \
T ! tewH A

Figure 8 Timing Chart of HD66100F
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HDG66100F

Typical Applications
Connection with the LCD Controller HD44780

COM1 -
COM16

SEG1 -
SEG40

CL1
CcL2

Vee

v
Vi
V.

V:
HD44780 v,
v

GND

»r

DI Y1 —~Yso DO p=-e{ DI Yi—Yso DO ===
’—-1 SHL  HD66100F —] SHL  HD66100F < R
b3
- 2 - (=]
38=3888ss25] | | 3da888ssss "
| | .
- R
g 3
E R
GND

G

wer

-v
sup

LCD nve]

Figure 9 Example of Connection (1/16 duty cycle, 1/5 bias)

COM1 -
COoMs8

SEG1 -
SEG40

—ﬁﬁﬁ

— SHL

CL1

o~
i
3}

3
==

Yi—Yso
HD66100F

—

|

Su
SS9

DI Yi—Yso
SHL  HD66100F

=3
g$

CL2

o
=5

SSSS

p——oyCL1

DO frtn oo o =

W

HD44780

»

R

R

2R
2 R

—

-0 GND

Vee

r Contrast
L—o-v

[ r
p:;' icﬂ"? ive)

96

Figure 10 Example of Connection (1/8 duty cycle, 1/4 bias)
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HD66100F

Connection with LCD 111 (HD44790)

COM1 - 3
COM3 LCD
SEG1 -
SEG32 32 80 80
Ris DI Yi—Yso DO DI Y1—Yso DO peetrem e
— SHL  HD66100F — SHL  HD66100F
—~ 2w - QW
83=8348 ssos| | |E3288 500 Vee
3w
. ER
R 3
GND 3R
Vi
Vi
Houro Ve poaw -V
wer_supply
< K’r LCD p;rive)

Figure 11 Example of Connection (1/3 duty cycle, 1/3 bias)

Static Drive

First Second ’ Tenth
figure figwe © ® 0 0O figre
N N
COM signal
() )
A "4 A
CMOS -
inverter EG1- SEG80
80
D DI Y1-Yso D0 p——————
SHL HD66100F
JNE s e — oo
da- Sz dssss
CL1
CL2
M
Vee
GND

Figure 12 Example of Connection (80-segment display)
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HD66100F

o Timing Chart of Input Waveforms

1

Input data DI

Latch clock CL1

7 9 80

Figure 13 Timing Chart of Input Waveforms

Notes:

1.

Input square waves of 50% duty cycle (about
30-500Hz) to M. The frequency depends on
the specifications of LCD panels.

. The drive waveforms corresponding to the

new displayed data are output at the fall of
CL1. Therefore, when the alternating signal M
and CL1 do not fall synchronously, DC ele-
ments are produced on the LCD drive
waveforms. These DC elements may shorten
the life span of the LCD, if the displayed data
frequently changes (e.g. display of hours,

COoM

LCD

Y i Yz2—Yso

SHL j

HD66100F

Figure 14 Example of Connection

minutes, and seconds of a clock). To avoid
this, make CL1 fall synchronously with the
one edge of M.

. In this example, the CMOS inverter is used as

a COM signal driver in consideration of the
large display area. (The load capacitance on
COM is large because it is common to all the
displayed segments.)

Usually, one of the HD66100F outputs can
be used as a COM signal. The displayed data
corresponding to the terminal should be O in
that case.

o XXX C

AN

J/

~
Data transferred to Y:—Yso

CL1

data 0 corresponding to
Y: (COM signal)

'

98

Figure 15 Timing Chart (when Y: is used as a COM signal)
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Section Four

Character Display
LCD Controller/Display
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HD43160AH

(Controller with Built in
Character Generator)

Display Controller and Character
Generator for Dot Matrix Liquid
Crystal Display System

The HD43160AH receives character data
written in ASCII code or JIS code from a
microcomputer and stores them in its RAM
which has 80 words capacity.

The HD43160AH converts these data into a
serial character pattern, then transfers them
to LCD drivers.

It also generates other control signals for the
LCD. The HD44100H LCD driver can be com-
bined with this controller.

Display Characters Types

® Alphanumeric characters: A-Z, a-z, @,
# %, &, etc.

® Japanese characters (katakana)

Block Diagran::

For Maintenance Only

For new designs please see
data sheet for HD44780SA00H

® 160 characters in internal character gen-
erator (ROM)
(Max 256 characters in external ROM)

Number Of Characters

® 48,16, 24, 32, 40, 64, or 80 characters in 1
or 2 lines

Font
® 5 X 7 + Cursor or 5 X 11 + Cursor

Other Function Controlled By
Microcomputer

Display clear

Cursor on/off

Cursor position preset (character posi-
tion)

® Cursor return

CSso CNO  DLN FNTS CURS ROMS
Cs1 CN1
cs2 5 CN2
cs3 52 {
RSO | g g Line counter
H g Cursor counter I—— Y
R/W £0 Character number [ FLM
E counter cL1
ROM
DBO b ] RAM Character
to Lls 2 goblt o generator D
DB6 8 E woras (160 char- Internal
] acters) oscillation
DB7 £ 0
o circuit
' xo-x7 R
Vee —- YO-Y3 | External
GND —= L irOM
| (max. 256
RST —= Busy Flag ; charac- |
TEST—> ters)
Absolute Maximum Ratings
Item Symbol Value Unit
Supply voltage Vee ' -0.3t0 +7.0 \%
Input voltage Vr —-0.3to Vec + 0.3 \%
Operating temperature Topr -20to +75 °C
Storage temperature Tstg —-55to +125 °C
HITACHI

100 ‘ Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300




HD43160AH

Electrical Characteristics (Vec = 5 V * 5%, GND = 0 V, Ta = —20 to+75°C)

Item Symbol Terminal No. min typ max Unit Test condition
l%‘ﬂt voltage.bl Vi S%%—%SB% ER,S%/W , 2.0 - Vee Y,
{ compatible) ie , 0 — 0.8 v
Input voltage Vi 0SC1, TEST, RST, FNTS, 0.7 V, - Y/ Y
P 9 e CURS, DLN, ROMS. «© s
ViLc CNO—CN2, 01—0s O - 0.3 Vec V
OQutput voitage Vi 2.4 - - \" lon = —0.205 mA
(TTL compat'l’tle) L DB7 . on
VoL - - 0.4 Y lo = 1.6 mA
Output voltage Vowc  FLM, M, D, CL1, CL2, Vec—1.0 — - v load = *0.4 MA
Vorc X0—X7, YO—Y3 - - 1.0 \Y
Input leak current I All inputs -5 - 5 kA
Output leak current | o DB7 -10 - 10 rA
Oscillation fepa 130 192 250 kHz R¢ = 200kQ +2%, 5
f . : X 7 + Cursor
requenc —_—
auency ferz 200 288 376  kHz Ry= 130k0 2%, 5
X 11 + Cursor
Input pull up current | CS0—CS3, RSO, RW, 2 10 20 A Vi =0V
put p P PL  BBO—DBY | H in s
Power dissipation * - T - 10 mW Ta = 25C, fcp =
Pr 20 cP

z
(external clock)

*  Input/output current is excluded. When an input is at the intermediate level in CMOS, excessive
current flows through the input circuit to the power supply. To avoid this, input level must be fixed
at high or low, CSO—CS3, RSO, R/W, DBO—DB?7.

Pin Arrangement .
Pin Power sup. Pin Power sup. Pin Power sup.

No. OSC Input Output No. OSC Input Output No. OSC Input  Output

1 GND (-) 19 D 37 DB3

2 X4 20 FIM 38 DB4

3 X3 21 SA 39 DB5

4 X2 22 0sC1 40 DB6

5 X1 23 0SsC2 41 DB7 DB7

6 X0 24 RST 42 ROMS

7 N.C. 25 TEST 43 05

8 N.C. 26 E 44 04

9 N.C. 27 Veel+) 45 . 03

10 CURS 28 R/W 46 02

11 FNTS 29 RSO 47 01

12 DLN .30 CSO 48 Y3

13 CNO 31 CS1 49 Y2

14 CN1 32 Cs2 50 Y1

15 CN2 33 CS3 51 . YO

16 . CL2 34 DBO 52 X7

17 CL1 35 DB1 53 X6

18 M 36 DB2 54 X5
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HD43160AH

Pin Function

Pin Number of
name terminals Connected to 1/0 Function
Vee 2 Power supply +5V = 10% Power supply
GND ov
CNO 3 GND or Vcc 1 Total displayed character number select
o~ No.| 4 | 8 [16]24]32]40] 64|80
CNO|GND| Vcc |GND| Vec [GND| Ve |GND Vee
CN1|GND|GND| Vcc | Vec {GND|GNDJ Vee | Vee
CN2|GND|GND|GND|GND| Vcc | Vec | Vec | Vee
CURS 1 GND or Vce | Cursor select
Vcc: S5 dots eeeee
GND: 1 dot )
DLN 1 GND or Ve | Display line number select
Vec: 2 lines
GND: 1 line
FNTS 1 GND or Vcc 1 Font select
Vee: 5 X 11 + Cursor
GND: 5 x 7 + Cursor
RST 1 Vee | Only for test. Normally Vcc.
TEST 1 GND I Only for test. Normally GND.
E 1 MPU | Strobe signal
Write mode: The HD43160AH latches the data on DBO-
DB?7 at the falling edge of this signal
Read mode: Busy/Ready signal is active on DB7 while this
signal is high
(Low: Ready, High: Busy)
R/W 1 MPU I Read/Write signal
L: HD43160AH gets the data from MPU
H: MPU gets the Busy/Ready signal from HD43160AH
CSo 4 MPU I Chip select
Cs1 When all of CSO—CS3 are ‘H’, HD43160AH is selected.
CSs2
CSs3
RSO 1 MPU | Register select
HD43160AH has 2 registers. One is for character code and
another is for instruction code. Each register latches the data
on DBO—DB?7 at the falling edge of E, when CSO—CS3 are
high and R/W is low.
High: Character code register is selected
Low: Instruction code register is selected
DBO 8 MPU 1 Data bus
to 1/0 Inputs for character code and instruction code from MPU
DB7 (DB7) Output for Busy/Ready flag (DB7)
D 1 HD44100H (o] Serial dot data of characters for LCD drivers
CL2 1 HD44100H (o] Dot data shift signal for LCD drivers
CL1 1 HD44100H (o} Dot data latch signal for LCD drivers

102
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HD43160AH

Number of

name terminals Connectedto 1/0

Function

M 1 HD44100H (0] Alternate signal for LCD drivers
FLM 1 HD44100H o Signal for common plates scanning
X0 8 ROM (o] Character code outputs for external character generator (for
‘to ext ROM)
X7 X7: MSB . A
X0: LSB ex: character ‘A
MSB LSB
‘1"= High
0 [1]0[0]0]0]0] 1] o= iow
YO 4 ROM (¢] Character row code for external character generator
Y1
Y2 5 X 7 + Cursor 5 x 11 + Cursor
Y3 Y3 Y YiYo
0 0 0
0 0 01
0 0 1 O
1850 g
0 1 0 1
0 1 1 0
—0 1 11
1oge
01020%405 101 03388
1011 &
A 1 ROM (o] Clock signal for external character generator (dynamic ROM
etc.) if necessary
01 5 ROM 1 Dot data inputs from external character generator
to 1 (High): On
05 0 (Low): Off
ROMS 1 GND or Vec 1 Select internal or external ROM
High: External ROM
Low: Internal ROM
osc1 2 Oscillator 5 X 7 + Cursor: Ry = 200 kQ (typ)
osc2 5 x 11 + Cursor: R = 130 kQ (typ)
NC 3 Don’t connect any signal to these terminals
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HD43160AH

Character Dot Patterns

5 X7 . Only the English small character “g, j, p, q, V,"
are displayed as below. The others are the
The bottom lines of the English small charac- same as for 5 X 7 (Figure 2).
ters “g, i, p, q, v,” are on the cursor line (Figure
1). Cursor 5 dots: eeeee
l1dot : e
5 x11

The cursor is displayed on the 8th or 12th line.

Character code lower 4 bits (hexadecimal)

IV [ ] =]

Bl 23456789 <=7

ARABCDEFEHIIKLMHD
BRETUMWHNYE

...%.

[
I AR Ll
H -t _} b |17 |3
1
-+
b
b 1} -

L
et F
RS

[}

s
T
-
4
—at
foud o

=
o+
i

o || et

Character code upper 4 bits (hexadecimal)
>

4

d

¥
LiH
%[5 |-

{ T A DT
BFF R e
MR =i e 1= e 1 O

Figure1l 5 X 7 Characters

9.JP4d

Figure 2 Special 5 X 11 Characters
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HD43160AH

Application
Setting Up These terminals should be connected to Vcc
or GND according to the LCD display system.
1. Total character number: CNO—CN2 RST and TEST should be connected to Vcc
2. Cursor pattern: CURS and GND respectively.
3. Display line number: DLN
4. Font: FNTS
Interface to the Controller
1. Example 1 Interface to HD6800
In this example (Figure 3), the addresses of
‘'HD43160AH in the address area of the
HD6800 microcomputer are:
Instruction code register FE*** (R/W=0)
Character code register HE*** (R/W=0)
Busy flag FE*** or #F*** (R/W=1)

*: don't care
#'. hexadecimal

AB15 cs3
AB14 cs2
AB13 cs1
VMA cso
AB12 RSO
R/W R/W
HD 6800 (MPU) 42 E HD43160 AH
DBO DBO
DB1 DB1
DB2 DB2
DB3 DB3
DB4 |— DB4
DB5 DB5
DB6 = DB6
DB7 DB7

Figure 3 HD6800 Interface
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HD43160AH

2. Example of display program

VAR

Read Busy flag
from # 'E***’
or #'F**

Check Busy or Ready

N: Ready

Instruction

Charact. Charactgr

or Inst.

RSO = Low RSO = High

Write Inst. code Write Charact. code
to #E***’ to # 'F***’

Figure 4 Display Program Example

3. Time length of Busy

write Inst. or Charact. code

.1

Busy Tousy -
(Internal)
Operation start operation end
T busy
min Max Unit

Display clear ——4702 4;1—0 s

cp cp
Other function ;—0 %—O s

cp cp

Figure 5 Busy timing

HD43160AH begins the operation from the register latch the data on DBO—DB7 at the
-rising edge of E (Figure 5). falling edge of E.
Instruction code register and character code
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HD43160AH

4. Timing chart

Hitachi America, Ltd. « Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300

Write sequence Read sequence
(MPU—HD43160AH) (MPU<HD43160AH)
I t
e e -] !__ teve ,
I Pwe ' Pwg !  Pwe | Pwen
| ! ! =
| | | ! |
j ) _\__l——\,
' | | .
tas Itopw! 1ty tas toor Pt
LQ———'-.| r-_______'-__l
cso  — — cso - -
to | o |
CSs3 Cs3
RSO + | . RSO +
| | | | |
I | — l I8
|
R/W _\ Write | ? R/W ’ Read :
| | I
' | | |
DBO Inst.
to c?'naract. DB7 V :;;?; r_
DB7 ad \Lready |
Figure 6 HD6800 Interface Timing
5. Timing characteristics
"~ Item Symbol Min Typ Max Unit
Cycle time of E teye 1.0 - - us
Pulse width of E High level Pwen 0.45 - 25 us
Low level PwEL 0.45 - - us
Set up time of CS Write tas 140 - - ns
Data delay time Write tpow - - 225 ns
Read tDDR - - 300 ns
Hold time tH 10 - - ns
HITACHI
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HD43160AH

65 Example 2 Interface to 8085A (Intel)

s1 R/W
10/M cs3
RD
D E
2 o~
A15 cs2
A14 csi
A13 cso
A12 RSO
8085A
HD43160AH
(MPU) o0 o J—“ b a
ALE __DQ_CLELR Q CLk @
CLK __Do_i___r —]
READY
ADO DBO
to to
AD7 DB7

Figure 7 8085A Interface

7. Timing chart

« [ [y [ L] L
|
\

10/M, S1
A12 A15

ALE

UI
<

|
P

READY | j L—-

i

T1 T2 Twarr T4

Figure 8 8085A Timing

Pulse widths of RD and WR signals of the min (Figure 8). . L
. 8085A are 400 ns min, while the pulse width Therefore, in this example, RD and WR signal
of the E signal of the HD43160AH is 450 ns pulse widths are widened by the Twarr cycle.
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HD43160AH

Display Commands

Display Control Instructions

These instructions should be written into the
instruction register of HD43160AH by the
microcomputer. (RSO = Low, R/W = Low)
1. Display clear

MSB LSB

Code:{ 0O (0f{O0O|O0O|0O|0O]|O0O]|1

Operation: The screen is cleared and the
cursor returns to the 1st digit.

2. Cursor return

MSB LSB

Code:|0O|O0O|O(OfOfO|1]|O

Operation: The cursor returns to the 1st
digit and the characters being
displayed do not change.

3. Cursor on/off

MSB LSB

Code: |0 0|0|{0|0]j1|0]|0(On)

0|0|0|O0O|0|1]0]|1(Off)

Operation: The cursor appears (on) or dis-
appears (off). )

4. Set cursor position

MSB LSB

Code: | 1 line 1 (N — 1) binary|

2 lines |upper| 1 | 0 (n — 1) binary,

lower | 1| 1 (m — 1) binary|

N, n, m: digit number

Operation: The cursor moves to the Nth
(nth, mth) digit.
N =< the total character number
n, m = 1/2 total character
number
ex 1: 1 line
Set the cursor at digit 55. The
code is 10110110.
ex 2: 2 lines
Set the cursor at digit 35 of
upper or lower line.
The code is 10100010 (upper).
11100010 (lower).

Display Character Command

When the character code is written into the
character register of HD43160AH, the char-
acter with thiscode appears where the cursor
wasdisplayed and the cursor moves to the
next digit. (RSO = High, R/W = Low)

SB 1SB
code: (Character code) J

ex. 1

before | ABCD
after ABCDE

Read Busy Flag

When CS0—CS3 = High, R/W = High and E
= High (RSO = ‘don't care’), the Busy/Ready
signal appears on DB7.
DB 7 High: Busy
. Low: Ready

Table1 Time Length of Busy (oscilla-

tion frequency = 200 kHz)

Min Max Unit

Display clear 2.0 2.05 ms
Other operations 50 100 us

(depends on the operating frequency)

HITACHI

Hitachi America, Ltd. « Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 109




HD43160AH

Interface to External ROM

1. Example

X2
Character 33 Address
code X4

HD43160AH

External ROMS

ROM 1: Ext.
Row Y1i- 0: Int.

code

AL — — ——— —] * *gAis used as the
01 precharge signal for

02 dynamic ROM if nec-
83 Data essary.

Figure 9 Interface to External ROM

2. Row code

Row. code

0102030405 Y3 Y2

<
-
<
o

Row code 0 o Y o
(o] (o] 0 1
0102030405 Y3 Y2 Y1 YO o o 1 0
(o] (o] 1 1
0O 0 0O 0 1 0 0
0O 0 0 1 0 1 (o] 1
00 10 0 1 1 0
o0 11 0 1 1 1
0O 1 0O 1 0 0 0
01 0 1 1 1) 0 1
o110 1 0 1 O
(Cursor) o1 1 1 1 0 1 1
5x7+ Cursor 5X 11+ Cursor

Figure 10 Row Code
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HD43160AH

3. Timing chart

CL2

X0-X7
YO-Y3

A

01-05
ROMS

UL

I-————-——'

2

fep
|
|
l
|
| Effective data
[ ————
| 1
1 max-2 I
1 i |

Interface to LCD Drivers

1. Example

Figure 11 Display Timing

D
HD43160AH (L1

CL2
M

Common
signals

Liquid crystal display

Segment signals I

FLM

Y21-Y40 Y1-Y20 Y1-Y40
=1 Vv1-ve —Vvi-v6
¢ o Fcs FCS .
SHL1 gE SHL1
3 Uleno  HD44100H sHL2  HD44100H
DL1 DR1 DL1
DL2 DR1 |
DR2 CL1 CL2 M (o2 cut c2 m or2} -

Figure 12

HITAC

Interface to HD44100H
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HD43160AH

2. Waveforms (56 X 7 + Cursor 1 line)

8 1 2 3 4 5 6 7 8 1 2

FLMJ_[ r_—']
I O I O

M
Enlarged

FLM l L—
K
_

cL1

CL1

D [sT Y2 ]+«[>s 1:'1314[5 1 [ 2]

One row of a character

|
|

One row of 80 characters (400 dots)

Figure 13 Timing
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HD43160AH

Dot Matrix Liquid Crystal Display

System
EXT
---- ANAL }-——m.r lCONTROLLE;,_
i ROM
GND OVGOF— . 1 T
Vee 5V SeosssepaRARA
v ca
v HD43160AH ¥
v T 1 T T ' ¥
Vee — BV'O-% T
220Q!
ST FFR LR S e
= P H i |
i R H H
r HDA44100H 1 > HD44100H ]
% » N
i ::. B i
i i
[ SRSt a=an RE=s2azan 1
Y29 3= 3= 3= = HEUES
i
= T W
g &
o
.
i T *EEJ
TS, )

Figure 14. Typical Application 5 X 7 + Cursor, 2 Lines, 40 Characters

HITACHI
Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 113




HD44780,HD44780A

(LCD-1I)

(Dot Matrix Liquid Crystal Display
Controller & Driver)

Description

The LCD-II (HD44780, HD44780A) dot matrix
liquid crystal display controller & driver LSI
displays alphanumerics, kana characters, and
symboils. It drives a dot matrix liquid crystal
display under 4-bit or 8-bit microcomputer or
microprocessor control. All the functions
required for dot matrix liquid crystal display
drive are internally provided on one chip. The
user can complete dot matrix liquid crystal
display systems with low chip count by using
the LCD-II (HD44780, HD44780A).

If an HD44100H driver LSI is connected to the
HD44780, up to 80 characters can be dis-
played.

The LCD-II is produced by the CMOS process.
Therefore, the combination of the LCD-II with
a CMOS microcontroller or microprocessor
can complete a portable battery-driver
device with low power dissipation.

Feautures

® 5 X 7 and 5 X 10 dot matrix liquid crystal
. display controller driver
® Capable of interfacing to 4-bit or 8-bit
MPU
® Display data RAM: 80 X 8 bits
(80 characters, max.)
® Character generator ROM:
—Character font 5 X 7 dots: 160 charac-
ters
—Character font 5 X 10 dots: 32 charac-
ters
® Character generator RAM
—Character font 5 X 7 dots: 8 characters
—Character font 5 X 10 dots: 4 characters
® Both display data and character genera-
tor RAMs can be read from the MPU
® Internal liquid crystal display driver:
—16 common signal drivers
—40 segment signal drivers (Can be
externally extended to 360 segments
by liquid crystal display driver
HD44100H)
® Duty factor (selected by program):
—1/8 duty: 1 line of 5 X 7 dots + cursor
—1/11 duty: 1 line of 5 X 10 dots + cursor

Pin Arrangement

(FP-80)
(Top View)

««««««

(FP-80A)
(Top View)

2222235288222 882888

H

ICOM16
COM 15
COM14
ICOM13
COM12
|COM11
COM10
ICOMg
COMs
|COM>?
|COMe
COMs
COM4
COM3
ICOM2
COM1
[o]:7]
DBe
DBs.
DBs
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HD44780, HD44780A (LCD-II)

—1/16 duty: 2 line of 5 X 7 dots + cursor

(External clock operation possible)

® Wide range of instruction functions: ® CMOS process
Display clear, Cursor home, Display on/ ® Logic power supply:
off, Cursor on/off, A single +5 V (excluding power for
Display character blink, Cursor shift, liquid crystal display drive)
Display shift ® Operation temperature range:
® Interal automatic reset circuit at power —20 to +75C (Device for —40 to +85TC
on (Internal reset circuit) available upon request)
® Internal oscillation circuit ® 80-pin plastic QFP (FP-80, FP-80A)
(with external resistor or ceramic filter) 80-pin thin plastic QFP (TFP-80: under
development)
Maximum Number of Display Characters
No. of
Display Duty No. of Display
Lines Factor Extension LCD-11 HD44100H Characters
1-line 1/8 Not 1 — 8 characters x 1 line
display 1/11 provided
duty Porovided 1 9 80 characters x 1 line
cycle (8 characters/each)
2-line 1/16 Not 1 — 8 characters X 2 lines
display duty provided
cycle Provided 1 4 40 characters X 2 lines

(8 characters x 2 lines/each)

Ordering Information

Type No. Operation Frequency Package

HD44780SA**H 80-Pin plastic QFP (FP-80)

HD44780SA* *FH 1.0 MHz 80-Pin plastic QFP (FP-80A)

HD44780SA* *TF 80-pin thin plastic QFP (TFP-80:
under development)

HD44780SA* *FA 1.5 MHz 80-Pin plastic QFP (FP-80)

Note: ** = ROM Code No.
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HD44780, HD44780A (LCD-II)

Block Diagram (LCD-II Interior)

116
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HD44780, HD44780A (LCD-II)

Electrical Characteristics
Absolute Maxlmﬁm Ratings

Item Symbol Limit Unit Note
Power Supply Voltage (1) Vee -0.3t0 +7.0 \%

Power Supply Voltage (2) V1 to V5 Vcc—13.5 to Vec+0.3 Vv 3
Input Voltage Vy —0.3 to Vec+0.3 Vv

Operating Temperature Topr —-20to +75 °‘C

Storage Temperature Tetg —-55to +125 °C

Note 1: If LSI's are used above absolute maximum ratings, they may be permanently destroyed. Using
them within electrical characteristic limits is strongly recommended for normal operation. Use
beyond these conditions will cause malfunction and poor reliability.

Note 2: All voltage values are referenced to GND = O V.

Note 3: Applies to V1 to V5. Must maintain Vcc = V1 2 V2 2 V3 =2V4 = V5

(high < — low)
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HD44780, HD44780A (LCD-II)

Electrical Characteristics
(Vec = 5V £ 10%, T. = —20 to +75C)
Vi
The conditions of Vi, Vs voltages are for e ® BO=Vec-Vs
proper operation of the LSI and not for the v, ®=Vec - V4
LCD output level. The LCD drive voltage ® ®=21.5V
condition for the LCD output level is specified 1 £0.25x@®
o 8 . Vs
in “LCD voltage Vicp".
HD44780
Item Symbol Min Typ Max Unit Test Condition Note
Input High Volitage (1) ViH1 2.2 — Vee v ) (2)
Input Low Voltage (1) WViL1 -0.3 - 0.6 v (2)
Output High Voltage (1) Vou1 2.4 - —_ \' —lon = 0.206 mA  (3)
(TTL)
Output Low Voitage (1) Vor1 — —_ 0.4 \) oo = 1.2 mA (3)
(TTL)
Output High Voltage (2) Vouz 0.9Vee —_ —_ \" —lon = 0.04 mA (4)
(CMOS)
Output Low Voltage (2) Vor2 — — 0.1Vec¢ V LoL = 0.04 mA (4)
(CMOS)
Driver Voltage Descend- Vcom - - 2.9 v Id=0.05 mA (10)
ing (COM)
Driver Voltage Descend- Vsgg — - 3.8 \" 1d=0.05 mA (10)
ing (SEG)
Input Leakage Current I -1 — 1 uA Vin = 0 to Vcc (5)
Pull-Up MOS Current —lp 50 125 250 #A  Vec=5V
Power Supply Current (1) Icct — 0.55 0.8 mA  Ceramic filter (6)
oscillation
Vec =6V, fosc =
250 kHz
Power Supply Current (2) lcc2 —_ 0.35 0.6 mA  Rf oscillation (6)
External clock
operation (11)
Vec =58V, fosc =
fep = 270 kHz
External Clock Operaton
External Clock Frequency fcp 125 250 350 kHz (7)
External Clock Duty Cycle Duty 45 50 55 % (7)
External Clock Rise Time trp — - 0.2 KS (7)
External Clock Fall Time  typ - — 0.2 us (7)
Input High Voltage (2) ViH2 Vee - 1.0 — Vee v (12)
Input Low Voltage (2) ViLz —_ — 1.0 \") (12)
Internal Clock Operation (Rf oscillation)
Clock Oscillation Fre- fosc 190 270 350 kHz Rf =91kQ * 2% (8)
quency .
Internal Clock Operation (Ceramic filter oscillation) )
Clock Oscillation Fre- fosc 245 250 255 kHz  Ceramic filter (9)
quency
LCD Voltage Vicp1 4.6 —_ 11 v Vec — V5 1/5 bias (13)
Vicp2 3.0 —_ 11 Vv 1/4 bias (13)
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HD44780A
Limit
Item Symbol Min Typ Max Unit Test Condition Note
Input High Voltage (1) ViH1 2.2 — Vee \% (2)
input Low Voltage (1) Vit -0.3 — 0.6 \) (2)
Output High Voltage (1) Vou1 2.4 — — \ —lon = 0.205 mA  (3)
(TTL)
Output Low Voltage (1) Vori —_ — 0.4 v loo = 1.2 mA (3)
(TTL)
Output High Voltage (2) Vou2 0.9Vce —_ —_ \% —lon = 0.04 mA (4)
(CMOS)
Output Low Voltage (2) Vor2 —_ — 0.1Vec V Lo. = 0.04 mA (4)
(CMOS)
Driver Voltage Descend- Vcom — — 2.9 Y, Id = 0.05 mA (10)
ing (COM)
Driver Voltage Descend- Vseg - — 3.8 v Id = 0.05 mA (10)
ing (SEG)
Input Leakage Current he -1 — 1 uA Vin = 0 to Vce (5)
Pull up MOS Current —lp 50 125 250 uA  Vec=5V
Power Supply Current (1) lcct — 0.55 0.8 mA  Ceramic filter (6)
oscillation
Vec =5V, fosc =
250 kHz
Power Supply Current (2) Icc2 —_ 0.35 0.6 mA  Rf oscillation (6)
External clock
operation (11)
Vec =56V, fosc =
fep = 270 kHz
External Clock Operation .
External Clock Frequency fep 125 250 350 kHz (7)
External Clock Duty Duty 45 50 "~ 65 % (7)
External Clock Rise Time trcp — — 0.2 us (7)
External Clock Fall Time  tip — — 0.2 S (7)
Input High Voltage (2) ViH2 Vec — 1.0 — Vee \" (12)
Input Low Voltage (2) ViL2 — — 1.0 \% (12)
Internal Clock Operation (Rf oscillaton)
Clock Oscillation Fre- fosc 190 270 350 kHz Rf = 91 kQ+2% (8)
quency
Internal Clock Operation (Ceramic filter oscillation)
Clock Oscillation Fre- fosc 245 250 255 kHz  Ceramic filter (9)
quency
LCD Voltage Vico1 4.6 —_ 11 \% Vec — V5 1/5 bias  (13)
Vicb2 3.0 — 11 \" 1/4 bias (13)
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Notes: 1. The following are I/0 terminal configurations except for liquid crystal display output.

+ Input Terminal + Applicable Terminals: RS, R/W
Applicable Terminals: E (MOS with pull up)
(MOS without pull up)

Vee

Vee Vee
(-H:’—t' PMOS . ¥+ pmos r| E::I PMOS
G Cﬁ LI%I

NMOS

h%' NMOS Pull Up MOS

» Output Terminal
Applicable Terminals: CLy, CL2, M, D

Vee ‘
l——{E:] PMOS
)

l——l% NMOS

+ 1/0 Terminal
Applicable Terminals: DBo to DB7

Ve (Pull Up MOS) Ve

HEUPMOS PMOS
Vee Enable
l—{% NMOs ~ PMOS

NMOSs

Data
(Output Circuit)
(Three state)

Notes: 2. Input terminals and 1/O terminals. Excludes OSC; terminals.

Notes: 3. /0O terminals.

Notes: 4. Output terminals.

Notes: 5. Current flowing through pull-up MOSs and output drive MOSs is excluded.

Notes: 6. Input/output current is excluded. When cmos input is at an intermediate level, excessive current

flows through the input circuit to the power supply. To avoid this, input level must be fixed at high
or low. )
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Notes: 7. External clock operation.
Open 0SC,
Th ) T ,
0.7V =-__Th
0.5Vec Duty cycle = Th+T < 100%
0.3Vee —
trep trep
Notes: 8. Internal oscillator operation using oscillation resistor Rf.
0SC,
Rffé R: 91 kQ + 2%
0SC,
Since oscillation frequency varies depending on OSC4 and OSC; terminal capacitance, wiring length
for these terminals should be minimized.
Notes: 9. Internal oscillator operation using a ceramic filter.
C| . "
Ceramic filter: CSB250A (Murata)
0S¢, Re: 1TMQ % 10%
= Re Cq: 680pF = 10%
C,: 680pF £ 10%
- 0SC, Rg: 3.3kQ £ 5%
Cz d .
Ceramic filter
Notes: 10. Applies to both Vcom and Vseg voltage drops.

Vcom: From power supply terminal Vcc, Vi, Va, Vs to each common signal terminal
(COM; to COMy6)

Vseg: From power supply terminal Vcc. V2, Va, Vs to each segment signal terminal
(SEG1 to SEGao)
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Notes: 11. Relation between operation frequency and current consumption is shown in this diagram (Vcc = 5
V).

lec2
(mA) 1.2

1.0 //
]
]
/

b ~
s

0.4

typ

\

\\

100 200 300 400 500
fosc or fcp (kHz)

Notes: 12. Applied to OSC4 terminal.
Notes: 13. The condition for COM pin voltage drop (Vcom) and SEG pin voltage drop (Vseg).
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Timing Characteristics

Write Operation

PWEH tAH
E ;{Vnn Vlm\ /
A1 Vi Vi [ X Vi

(%]
tg tosw H
Vi : Vin1
DBo,—DB; Vi Valid Data leu
. Loye

E

Figure1 Bus Write Operation Sequence
(Writing data from MPU to LCD-II)

Read Operation

RS ><(V|m Vi
k Vil Vit
tas tan

R/W A Visa : K Ving
PWey | | tam
E /‘ Vin1 * Vi /
__.__1“.1_1 Vi Rt # Vi
te—| [~ tooR toHR
Von1 \f* . \/Von1
DB,—DB; Vour Valid Data Vour
toyee

Figure 2 Bus Read Operation Sequence
(Reading out data from LCD-II to MPU)
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Interface Signal with Driver LSI HD44100H

0.9Vec £ \ 0.9Vcc
cL, /) \
town town

tesu
cL, 0.9Vce | \No.svcc
0.1Vee 0.1Vee Y ___ Fo.ve
tesu

towL

I

D 40.9chc 0.9V
¥

0.1Vec  0.1Vcc f

Figure 3 Sending Data to Driver LSI HD44100H
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Bus Timing Characteristics (Vcc = 5.0 V + 10%, GND = 0 V, Ta = —20 to +75°C)
HD44780
Write Operation (Writing data from MPU to LCD-II)
Limit
Item Symbol Min Max Unit Test Condition
Enable Cycle Time teycE 1000 — ns Fig. 1
Enable Pulse Width High PWEen 450 - ns Fig. 1
level
Enable Rise/Fall Time ter, tef —_ 25 ns Fig. 1
Address Set-up Time RS, R/W tas 140 — ns Fig. 1
E
Address Hold Time tAH 10 — ns Fig. 1
Data Set-up Time tosw 195 - ns Fig. 1
Data Hold Time tH 10 — ns Fig. 1
Read Operation (Reading data from LCD-II to MPU)
Limit
Item Symbol Min Max Unit Test Condition
Enable Cycle Time teycE 1000 — ns Fig. 2
Enable Pulse Width High PWEen 450 — ns Fig. 2
level
Enable Rise/Fall Time ter, tef — 25 ns Fig. 2
Address Set-up Time RS, R/W tas 140 — ns Fig. 2
E
Address Hold Time taH 10 -— ns Fig. 2
Data Delay Time tobr —_ 320 ns Fig. 2
Data Hold Time tDHR 20 — ns Fig. 2
HD44780A
Write Operation (Writing data from MPU to LCD-II)
Limit
Item Symbol Min Max Unit  Test Condition
Enable Cycle Time - toycE 666 — ns Fig. 1
Enable Pulse Width High PWen 300 — ns Fig. 1
level
Enable Rise/Fall Time ter, tes — 25 ns Fig. 1
Address Set-up Time RS, R/W tas 60*!' — ns Fig. 1
E 100*2 — ns
Address Hold Time tAH 10 —_ ns Fig. 1
Data Set-up Time tosw 100 — ns Fig. 1
Data Hold Time th 10 —_ ns Fig. 1
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Read Operation (Reading data from LCD-II to MPU)

Limit
Item Symbol Min Max Unit Test Condition
Enable Cycle Time teycE 666 — ns Fig. 2
Enable Pulse Width High PWEH 300 - ns Fig. 2
level
Enable Rise/Fall Time ter, tef — 25 ns Fig. 2
Address Set-up Time RS, R/'W tas 60*! Fig. 2
E 1002 ™
Address Hold Time tAH 10 —_ ns Fig. 2
Data Delay Time tobr —_ 190 ns Fig. 2
Data Hold Time toHR 20 . —_— ns Fig. 2

Notes: * 1. 8-bit interface mode
* 2. 4-bit interface mode

Interface Signal with HD44100H Timing Characteristics
(Vce = 6.0V £ 10%, GND = 0 V, Ta = —20 to +75C)

HD44780
Limit
Item Symbol Min Max Unit Test Condition
Clock Pulse Width High towH 800 —_ ns Fig. 3
level

Clock Pulse Width Low tewL 800 — ns Fig. 3

: level
Clock Set-up Time tosu 500 —_ ns Fig. 3
Data Set-up Time tsu 300 —_ ns Fig. 3
Data Hold Time ! toH 300 — ns Fig. 3
M Delay Time tom -1000 1000 ns Fig. 3
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HD44780A
Limit
Item Symbol Min Max Unit Test Condition
Clock Puise Width High tcwH 800 — ns Fig. 3
level
Clock Pulse Width Low towL 800 — ns Fig. 3
level
Clock Set-up Time tcsu 500 — ns Fig. 3
Data Set-up Time tsu 300 - ns Fig. 3
Data Hold Time toH 300 - ns Fig. 3
M Delay Time tom —-1000 1000 ns Fig. 3
Notes:
Loading Circuit (TTL Load): DBo to DBy
HD44780 5.0V HD44780A 5.0V
RL=2.4kQ RL=10kQ
Test Point Test Point
Cc R C R
C=130pF = + C=50pF + :
R=11kQ R=20kQ

All Diodes: 152074®

Loading Circuit (CMOS Load): CLy, CL2, D, M

Test Point 0———1
30pF

i
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Power Supply Conditions Using Internal Reset Circuit

LCD-1I
Limit
Item Symbol Min Max Unit Test Condition
Power Supply Rise Time trec 0.1 10 ms —_
Power Supply OFF Time toFF 1 —_ ms —

Since the internal reset circuit will not oper-
ate normally unless the preceding conditions
are met, initialize by instruction. (Refer to
“Initializing by Instruction”)

Vee

0.1Tms 2t =10ms

torr = 1ms

(Note) torr stipulates the time of power off for momentary power supply
dip or when power supply cycles on and off.

Figure 4 Internal Power Supply Reset
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Terminal Function

Table 1 Functional Description of Terminals

Signal No. of Input/ Connected
Name Lines Output to Function
RS 1 Input MPU Signal to select registers.
O: Instruction register
(for write)
Busy flag: address counter
(for read)
1: Data register (for read and write)
R/W 1 Input MPU Signal to select read (R) and write (W).
0: Write
1: Read
E 1 Input MPU Operation start signal for data read/write.
DB4-DB7 4 Input/ MPU Higher order 4 bidirectional three-state data bus lines.
Output Used for data transfer between the MPU and the LCD-
Il. DB7 can be used as a BUSY flag.
DBo-DB3 - 4 Input/ MPU Lower order 4 bidirectional three-state data bus lines.
Output Used for data transfer between the MPU and the LCD-
Il. These four are not used during 4-bit operation.
CL4 1 Output HD44100H Clock to latch serial data D sent to the driver LSI
HD44100H.
CLz 1 Output HD44100H Clock to shift serial data D.
M 1 Output HD44100H Switch signal to convert liquid crystal drive waveform
to AC.
D 1 Output HD44100H Sends character pattern data corresponding to each
common signal serially.
0: Non selection
1: Selection
COM1-COM15 16 Output Liquid Common signals that are not used are changed to non-
crystal selection waveforms. That is, COMg-COM;¢ are non-
display selection waveforms at 1/8 duty factor, and COM12-
COM¢ are non-selection waveforms at 1/11 duty
factor.
SEG,-SEGso 40 Output Liquid Segment signal.
crystal
display
V1-Vs 5 Power Power supply for liquid crystal display drive.
supply
Vce, GND 2 Power Vcc: +5V, GND: O V.
supply
0SCy, OSC, 2 Terminals connected to resistor or ceramic filter for
internal clock osillation.
For external clock operation, the clock is input to
OSC;.
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Fur_lction Of Each Block
Register

The HD44780 has two 8-bit registers, an
instruction register (IR), and a data register
(DR).

The IR stores instruction codes such as dis-
play clear and cursor shift, and address
information for display data RAM (DD RAM)
and character generator RAM (CG RAM). The
IR can be written from the MPU but not read
by the MPU.

The DR temporarily stores data to be written
into the DD RAM or the CG RAM and data to
be read out from DD RAM or CG RAM. Data
written into the DR from the MPU is auto-
matically written into the DD RAM or the CG
RAM by internal operation. The DR is also
used for data storage when reading data is
read from the DD RAM or the CG RAM. When
address information is written into the IR,
data is read into the DR from the DD RAM or
the CG RAM by internal operation. Data
transfer to the MPU is then completed by the
MPU reading DR. After the MPU reads the DR,
data in the DD RAM or CG RAM at the next
address is sent to the DR for the next read

from the MPU. Register selector (RS) signals
make their selection from these two registers.

Busy flag (BF)

When the busy flag is 1, the HD44780 is in the
internal operation mode, and the next
instruction will not be accepted. As table 2
shows, the busy flag is output to DB when RS
= 0 and R/W = 1. The next instruction must
be written after ensuring that the busy flag is
0.

Address counter (AC)

The address counter (AC) assigns addresses
to DD and CG RAMs. When an instruction-for
address is written in IR, the address informa-
tion is sent from IR to AC. Selection of either
DD or CG RAM is also determined concur-
rently by the instruction.

After writing into (or reading from) DD or CG
RAM display data, AC is automatically in-
cremented by +1 (or decremented by —1). AC
contents are output to DBo - DBs when RS = 0
and R/W = 1, as shown in table 2.

Register Selection

RS R/W Operation
IR write as -internal operation (Display

0 0 clear, etc.)

0 1 Read busy flag (DB7) and address
counter (DBo-DBs)

1 0 DR write as internal operation (DR to DD
or CG RAM)

1 1 DR read as internal operation (DD or CG
RAM to DR)
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Display data RAM (DD RAM)

The display data RAM (DD RAM) stores dis-
play data represented in 8-bit character
codes. Its capacity is 80 X 8 bits, or 80 char-
acters. The display data RAM (DD RAM) that
is not used for display can be used as a gen-

eral data RAM. Relations between DD RAM
addresses and positions on the liquid crystal
display are shown below.

The DD RAM address (App) is set in the
address counter (AC) and is represented in
hexadecimal.

- Upper Order Lower Order

Bits Bits
AC |AC6|{AC5|AC4|AC3|AC2|AC1|ACO
\ Hexa — —  Hexadecimal

decimal

(Example) DD RAM address 4E

1 0 0] 1 1 0
\ 4. ]\ E ]
1-Line Display (N = 0)
1. When there are fower than 80 display
characters, the display begins at the head
position. For example, 8 characters using
1 HD44780 are displayed as:
(digit) 1 2 3 4 5 79 80 . Display
Position
1_““9 oo 01 02 03 04 ........................................ 4E 4F PR DD RAM
Address
(digit) + Display
g 1 2 3 4 5 6 7 8 Position
1-line 00 (01 |02 |03 (04 |05 |06 |07 |+« DD RAM
Address
When the display shift operation is per-
formed, the DD RAM address moves as:
(Left
Shift 0110203 |04|05|06] 07|08
Display)
(Right -
Shift 4F {00 | 01 |02 |03 | 04| 05 | 06
Display)
HITACHI

" Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 131




HD44780, HD44780A (LCD-II)

2. 16-character display using an HD44780
and an HD44100H is as shown below:

{digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 < Display
. Position

1-line 00|01|02|03|04[05]|06(07|08]|09|0A|0B|0OC|OD|OE |OF | « DD RAM
Address

\—— HD44780 Display —\“— HD44100H Display —

When the display shift operation is per-
formed, the DD RAM address moves as:

(Left
Shift 01|02(03 (04 /05|06 |07|08|09|0A|OB|OC|0OD|OE |OF | 10
Display) -
(Right Y
S-}.“h 4F|00|01|02]03|04|05|06|07|08{09|0A|0OB|OC|OD|OE
Display)
3. The relation between display position sion of 2.
and DD RAM address when the number Since the increase can be 8 digits for each
of display digits is increased through the additional HD44100H, up to 80 digits can
use of one HD44780 and two or more be displayed by externally connecting 9
HD44100H's can be considered an exten- HD44100H's.
(digi) 123 4567891011121314151617181920 7374757677787980  « DiPlaY
Position
1-line 00|01 02{03|04]05 06]07 OBIOQIOA OBlCn OD|OE{OF{10{11{12 13| ~~~~~~~~~ 48|49 4A|4B4C|4DI4E[4F| + DD RAM
Address
L Hpaaz80 __J\_ Hpaatoom (1) _J\_ HD"&;‘_’?:) \_ HD44100H (9) _|
Displ " "
isplay Display Display Display
2-Line Display (N = 1)
(digit) 1 2 3 a4 s 39 ag + Display
Position
1-line 00 {01 |02] 03| 04 | -oveeeemmvmmmieennineiinieiicncnnees 26 | 27 + DD RAM
Address
2-line 40 | 41 1 42 | 43 | 44 | overererriniiiiiiiii 66 | 67
HITACHI

132  Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300



HD44780, HD44780A (LCD-II)

1

When the number of display characters is
less than 40 X 2 lines, the 2 lines are
displayed from the head. Note that the
first line end address and the second line

(digit) 1 2 3 4 5 6 7

start address are not consecutive. For
example, when an HD44780 is used, 8
characters X 2 lines are displayed as:

8 “

1-line 00|01|02|03|04]o05]06

07 | «

2-line 40 | 41 | 42 | 43 | 44 | 45 | 46

47

When display shift is performed, the DD
RAM address moves as:

(Left 01 (02|03 |04 (05|06
Shift

07

08

Display) | 41 | 42 | 43 | 44 | 45 | 46

47

48

(Right 27 (00|01 |02 (03|04

05

06

Shift
Display) 67 140 ) 41 | 42 ) 43 | 44

45

46

2. 16 characters X 2 lines are displayed

when an HD44780 and an HD44100H are
used.

Display
Position

DD RAM
Address

12 13 14 15 16 < Display 4

(digit) 1 2 3 4 5 6 7 8 9 10 11 i
Position
1-line |00 (0102 |03 [04 |05 |06 |07 |08 |09 |OA |OB |OC |OD | OE |OF <+ DD RAM
Address
2-line (40|41 )42 (43|44 |45|46|47 |48 |49 |4A (4B |4C|4D|4E |4F

\—— HD44780 Display —J\—

When display shift is performed, the DD
RAM address moves as follows:

HD44100H Display —

(Left 0102 |03 |04 |05 {06 (07 |08

Shift
Display) 141 |42 |43 |44 |45 |46 |47 |48

4A 14B |4C | 4D | 4E | 4F |50

(Right 27100101 |02 |03 |04 (05 |06

07

08 {09 |0A |0B |OC | OD | OE

Shift

Display) |67 |40 (41|42 (43|44 |45 |46

47
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3. The relation between display position
and DD RAM address when the number
of display digits is increased by using one
HD44780 and two or more HD44100H's,

can be considered an extension of 2.

(digitt 123 4567 891011121314151617181920

Since the increase can be 8 digits X 2
lines for each additional HD44100H, up to
40 digits 2 lines can be displayed by con-
necting 4 HD44780’s externally.

33 34 35 36 37 38 39 40 « Display

position
1-line [00/01/02|03|04/05]06{07 08|09 0A OBIOC 0D{OE 1112 13l --------- 20(21[22 23|24 25 26|27 « DD RAM

address
2-line }40]41/42/43]44]45|46/47(48]49]4A ‘BIIC 4D[4E 5152 53[ --------- 60/61]62 63|64 65 66‘67 (Hexade-

cimal)

l_ HD44780 ,L HD44100H(1) _l\_ HD44100H _A_ HD44100H(4) _I

Display Display

Character Generator ROM (CG ROM)

The character generator ROM generates 5 X
7 dot or 5 X 10 dot character patterns from 8-
bit character codes. It can generate 160 5 X 7
dot character patterms and 32 5 X 10 dot
character patterns. Table 3 shows the rela-
tion between character codes and character
patterns in the Hitachi standard
HD44780A00. User defined character pat-
terns are also available by mask-programmed
ROM.

(2), (3)
Display

Display

Character Generator RAM (CG RAM)

In the character generator RAM, the user can
rewrite character patterns by program. With
5 X 7 dots, 8 character patternms can be
written and with 5 X 10 dots, 4 characters
can be written.

Write the character codes in the left column
of table 3 to display character patterns stored
in CG RAM.

Table 4 shows the relation between CG RAM
addresses and data and display patterns.

As table 4 shows, an area that is not used for
display can be used as a general data RAM.
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Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

0100(0101}0110{0111|{1010}1011|1100|1101{1110|1111

AP el =19E e
E|RIEE

8

Higher!
Lower.; irs | 0000|0010
4 bits
4 bits
CG

x x xx0000| M

!

a3

x xxx0001| &

=
i

o

._r-l
-H.
-
HE

L

I! .“_- 7.- L) -. L}
X X X X0010 @) "::_E -: L! l. * r '.1 !!J ;:':' F:
q"'—“'-—_'-' Lo
woccoort] @ [FEL = = g P TR e
xxxx0100| ‘® :E; 3 [:?T lj_t. " ~ T l__.l 3:;!
xxxx0101| (6 .'.- . ' L!__!.:n: ln'l u :::. ::'- lE l:-:l
Il - - " L
xxxx0110] {7 ::::;___I:IF I...l '|' !-_.’ :'?:l :r] m__a_ F_l e
-l—'—rl'-f bed :
xxxx0111| ® ) ['. l.: '_’_l "- |_l_l .:;:' T .;? K lq :r[
e

N
—

Ed

xxxx1000[ ‘_-

o
-

)
=
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—

.

XXXX1001 () .‘

(3)
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Note: The user can specify any pattern for character-generator RAM.
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Table 4

Relation between CG RAM Addresses and Character Codes (DD RAM) and
Character Patterns (CG RAM Data)

For 5 x 7 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
76543210 543210 76543210
Higher Lower Higher Lower Higher Lower
*~ Order Order | “~Order Order I~ Order Order
Bits Bits Bits Bits Bits Bits
10 0 0 * % %
1001
'|0 10 Character
1011 Pattern
0000 00O 000E100 Example (1)
:1 01 c
ursor
:1 10 <« Position
111
1
:O 00
10 0 1
'lo10 Character
101 1 Fatiam
(o}
000O0x* 001 01:100 Example (2)
‘|1 o1
1110
1111
+
1000
'o 0 1
* t 1!
0000 111 1 :100 o effect
101 °
110
}1 11

Notes: 1.

Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types).

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor

5.

position and display is formed by logical OR with the cursor.

Maintain the 8th line data, corresponding to the cursor display position, in the O state for
cursor display. When the 8th line data is 1, bit 1 lights up regardiess of cursor presence.
Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure
(bit 4 being at the left end).

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data
RAM.

. As shown in table 3, CG RAM character patterns are selected when character code bits 4-

7 are all 0. However, since character code bit 3 has no effect, the “R" display in the
character pattern example is selected by character code “00” (hexadecimal) or “08” (hex-

adecimal). '
1 for CG RAM data corresponds to display selection and O to non-selection.
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For 5 X 10 dot character patterns

Character Codes CG RAM Character Patterns
(DD _RAM Data) Address (CG RAM Data)
76543210 543210 7 664321
Higher Lower Higher Lower .J Higher Lower
= Order Order —Order  Order *— Order Order —
Bits Bits Bits Bits Bits Bits
10000 * * x00000
10001 'looo000
o010 ‘ 0
|
0011 Character
:0 100 Pattern
000O0=* 0O * 0 0!0101 Example
10110 il 0
o1 11 000
11000 0000
11001 1j0 000 Cursor
11010 *+ * x00000 < Position
""""""""" BN "'T‘,'B'TI""'{T;:: * * % ¥
11100 |
1101 |
11110 |
1111 N EE R
fo 000 * *i
L 10 0 0 1 |
\ L —
000 O0%11% 11-1oo"rw/*r\-,—/}"*/-/T
: 010 * k%
—————————————— P, e m - - -
11T 011 ***:*****
1100 ,
M 101 1
1110 ! *No Effect
'11111 * k kik ok ok k ok

Notes: 1. Character code bits 1, 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types).

2. CG RAM address bits 0-3 designate character pattern line position. The 11th line is the
cursor position and display is formed by logical OR with the cursor.

Maintain the 11th line data corresponding to the cursor display position in the O state for
cursor display. When the 11th line data is 1, bit 1 lights up regardless of cursor presence.
Since the 12th-16th lines are not used for display, they can be used for general data RAM.

3. Character pattern row positions are the same as 5 X 7 dot character pattern positions.

4. CG RAM character patterns are selected when character code bits 4-7 are all 0. However,
since character code bit O and 3 have no effect, “P” display in the character pattern example
is selected by character codes “00”, “01”, “08” and “09” (hexadecimal).

5. 1 for CG RAM data corresponds to display selection and O to non-selection.
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Timing Generation Circuit

The timing generation circuit generates tim-
ing signals to operate internal circuits such as
DD RAM, CG ROM, and CG RAM. RAM read
timing needed for display and internal oper-
ation timing by MPU access are separately
generated so they do not interfere with each
other. Therefore, when writing data to the
DD RAM, for example, there will be no un-
desirable influence, such as flickering, in
areas other than the display area. This circuit
also generates timing signals to operate the
externally connected driver LSI HD44100H.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit con-
sists of 16 common signal drivers and 40
segment signal drivers. When character font
and number of lines are selected by a pro-
gram, the required common signal drivers
automatically output drive waveforms, the
other common "signal drivers continue to
output non-selection waveforms.

The segment signal driver has essentially the
same configuration as the driver LSI
HD44100H. Character pattern data is sent

AC6 AC5 AC4 AC3 AC2 ACt1 ACO

AC 0 o} o0 1 ojoj|o

In a 1-line display

(digit) 1 2 3 4 5 6 7

serially through a 40-bit shift register and
latched when all needed data has arrived.
The latched data controls the driver for
generating drive waveform outputs. The
serial data can be sent to HD44100Hs, exter-
nally connected in cascade, used for display
digit number extension.

Serial data send always starts at the display
data character pattermn corresponding to the
last address of the display data RAM (DD
RAM).

Since serial data is latched when the display
data character pattern corresponding to the
starting address enters the internal shift reg-
ister, the HD44780 drives the head display.
The rest displays, corresponding to latter
addresses, are added with each additional
HD44100H.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the
cursor or blink. The cursor or the blink appear
in the digit at the display data RAM (DD
RAM) address set in the address counter
(AC).

When the address counter is (08)s6, the cursor
position is:

{00010203040506

In a 2-line display

(digt) 1 2 3 4 5 6 7

o
1st line 00 |01 |0203|04]|05]06

2nd “nt 40 | 41 | 42 | 43 | 44 | 45 | 46

Display
8 9 10 N “ Position
07 | 98 | 09 | 0A ? « DD RAM
Address
(Hexadecimal)
the cursor position
Display
8 9 10 11 < Position
DD RAM
07 3& 09 | OA 7 *Address
4 imal
47( 48 |49 | aa \ (Hexadecimal)

/

the cursor position

Note:

The cursor or blink appears when the address counter (AC) selects the character generator RAM

(CG RAM). But the cursor and blink are meaningless.
The cursor or blink is displayed in the meaningless position when AC is a CG RAM address.
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Interfacing To MPU

In the HD44780, data can be sent in either 2
4-bit operations or 1 8-bit operations so it can
interface to both 4- and 8-bit MPUs.

1

When interface data is 4-bits long, data is
transferred using only 4 buslines: DB;-DB
7. DBo-DB3 are not used. Data transfer
between the HD44780 and the MPU
completes when 4-bit data is transferred
twice. Data of the higher order 4 bits
(contents of DB4-DB 7 when interface data

lower order 4 bits (contents of DBo-DB3
when interface data is 8 bits long) is
transferred.

Check the busy flag after 4-bit data has
been transferred twice (one instruction).
Two 4-bit operations will then transfer
the busy flag and address counter data.

When interface data is 8 bits long, data is
transferred using the 8 data buslines
DBo-DBs.

is 8 bits long) is transferred first, then the

RS
RW ————/
e/ N /S S

os; I EOCEDECHOECHEE @@

os, I EE X RO T:EEOEDEE R2E

os; I RS X RO A EREE ) @

oe, I RO 2 @EEOEDE: @ 0@l
| |

Instruction (IR) Busy Flag (BF) and
Write Address Counter (AC)
Read

Data Register (DR)
Read

Figure 5 4-Bit Data Transfer Example
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Reset Function
Initializing by Internal Reset Circuit

The HD44780 automatically initializes (re-
sets) when power is turned on using the
internal reset circuit. The following instruc-
tions are executed during initialization. The
busy flag (BF) is kept in busy state until
initialization ends (BF = 1). The busy state is
10 ms after Vcc rises to 4.5 V.
1. Display clear
2. Function set:
DL = 1: 8 bit long interface data

N = 0: 1-line display )

F = 0: 5 X 7 dot character font
3. Display on/off control:

D = 0: Display off

C = 0: Cursor off

B = O: Blink off

4. Entry mode set:
I/D = 1: +1 (increment)
S = 0: No shift

Note: When conditions in “Power Supply
Conditions Using Internal Reset Circuit”
are not met, the internal reset circuit will
not operate normally and initialization
will not be performed. In this case
initialize by MPU according to “Initializ-
ing by Instruction”.

Initializing by Instruction

If the power supply conditions for correctly
operating the internal reset circuit are not
met, initialization by instruction is required.
Use the procedure in figures 6 and 7 for
initialization.
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1 Power on )

Wait more than 15 ms
after V¢c rises to 4.5V

RS R/W DB, DBg DBs DB, DB; DB, DB, DBy [l BF cannot be checked before this instruction. J

0O 0 0 0 1 1 % % * *

Wait more than 4.1 ms

RS R/W DB; DBg DB; DB, DB; DB, DB; DBy [[ BF cannot be checked before this instruction. ]

Function set (Interface is 8 bits long.)

0O 0 0 0 1 1 * * * *

Function set (Interface is 8 bits long.)

Wiait for more than 100zs

0O 0 0 0 1 1 * * * * Function set (Interface is 8 bits long.)

RS R/W DB, DBg DBs DB, DB; DB, DB, DBy [FBF cannot be checked before this instruction. J

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the
execution instruction time. (See table 5)

Function Set (Interface is 8 bits long.

RS R/W DB; DBg DBs DB, DB, DB, DBy DBy Specifiy the number of display lines and
0 00O 1T 1 NF * % character font.)
0O00OOOT1TOOO The number of display lines and character font
0O00O0O0OOGOT O 1 cannot be changed afterwards.
000O0OOOT11IDS Display off

l Display clear

Initialization ends Entry mode set

Figure 6 8-Bit Interface
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2:

( Power on )

Wiait more than 15ms
after Vgc rises to 4.5V

0000 11

|

Wait more than 4.1 ms

RS R/W DB; DBg DB DBy, [lBF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

RS R/W DB, DB; DB; DB, BF cannot be checked before this instruction. j

0 00O 11

Function set (Interface is 8 bits long.)

Wait for more than 100 s

RS R/W DB; DB; DBs DB I BF cannot be checked before this instruction.

0 00O 1 1

Function set (Interface is 8 bits length.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the

RS R/W DB; DBs DB; DB, execution instruction time. (See table 5)
0O 0O0O0OT1TO0 . . R
000010 Function Set (Set interface to be 4 bits long.)
Interface is 8 bits length.
O ONF * x%
000O0OO Function Set (Interface is 4 bits long. Specify
001 0O00O0 the number of display lines and character font.)
000O0OO The number of display lines and character font
00O0O0GO O 1 cannot be changed afterwards.
0 00OODO Displ ff
000 11/DS 'spiay ©
Display clear
Entry Mode Set

Initialization ends

Figure 7 4-Bit Interface
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Instructions
Outline

Only two HD44780 registers, the instruction
register (IR) and the data register (DR) can be
directly controlled by the MPU. Prior to
internal operation start, control information is
temporarily stored in these registers, to allow
interface from HD44780 internal operation to
various types of MPUs that operate in differ-
ent speeds or to allow interface to peripheral

control ICs. HD44780 internal operation is.

determined by signals sent from the MPU.

These signals include register selection sig-

nals (RS), read/write signals (R/W) and data

bus signals (OBo-DB7), and are here called

instructions. Table 5 shows the instructions

and their execution time. Details are ex-

plained in subsequent sections.

Instructions are of 4 types, those that,

1. Designate HD44780 functions such as
display format, data length, etc.

2. Give internal RAM addresses

3. Perform data transfer with internal RAM
4. Others

In normal use, category 3 instructions are
used most frequently. However, automatic
incrementing by +1 (or decrementing by —1)
of HD44780 internal RAM addresses after
each data write lessens the MPU program
load. The display shift especially can perform
concurrently with display data write, ena-
bling the user to develop systems in mini-
mum time with maximum programing effi-
ciency. For an explanation of the shift func-
tion in its relation to display, see table 7.
When an instruction is executing during
internal operation, no insruction other than
the busy flag/address read instruction will be
executed.

Because the busy flag is set to 1 while an
instruction is being executed, check to make
sure it is 1 before sending an instruction from
the MPU.

Notes: 1. Make sure the HD44780 is not in the busy state (BF = 0) before sending the instruction
from the MPU to the HD44780. If the instruction is sent without checking the busy flag, the
time between first and next instructions is much longer than the instruction time. See table
5 for a list of each instruction execution time.

2. After execution of a CG RAM/DD RAM data write or read instruction, the RAM address
counter is increased or decreased by 1. The RAM address counter is updated after the busy
flag turns off. In figure 7 taop is the time elapsed after the busy flag turns off until the address

counter is updated.

Busy signal
(DB pin)

Busy state ——]

Address counter
(DB to DBg pins)

taop = 1.5/(fcp or fosc) seconds

1_

tapp depends on the operation frequency

taoo

Figure 8 Address Counter Update
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Table 5 Instructions

Execution Time
Code {max)
wl (when fcp or
Instruction | RS [R/W|DB; DBg|DB5s|DB4|DB3|DB2|DB1|DB,| Description fosc is 250 kHz)
Clear Clears entire display and sets DD
Display 0f0j0j0j01010/0 071 RAM address O in address counter. 1.64 ms
Sets DD RAM address O 1n address
Return counter. Also returns display being
Home 0joj0jo0 1001001 * shifted to original position. DD 1.64 ms
RAM contents remain unchanged.
Sets cursor move direction and
Entry specifies shift of display. These
Mode Set 6jojo0j0j0/0 0 1|vD| s operations are performed during 40us
data write and read.
Display Sets ON/OFF of entire display (D),
On/Off 0|0{0j0j0|0O0|1|D]|C| B |cursor ON/OFF (C), and blink of 40us
Control cursor position character (B).
Cursor or Moves cursor and shifts display
Display 0|00 {0| 0| 1 |S/C{R/L| * | * |without changing DD RAM con- 40us
Shift tents.
Function Sets interface data length (DL),
Set O] O0O|O0O| 0|1 |DL|N|F| * | * |number of display lines (L) and 40us
character font (F).
Sets CG RAM address. CG RAM
Set CG RAM 0j0}|0]1 ACG data is sent and received after this 40us
Address i
setting.
Sets DD RAM address. DD RAM
Set DD RAM 0|0} 1 ADD data is sent and recevied after this<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>